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ABSTRACT 
 
EFFECTS OF FIRE ON THE NUTRITIONAL ECOLOGY OF SELECTED 
UNGULATES IN THE SOUTHERN BLACK HILLS, SOUTH DAKOTA 
Teresa J. Zimmerman 
2004 November 
Research in the 1990s indicated that populations of white-tailed deer (Odocoileus 
virginianus) in the northern and central Black Hills had declined since the late 1970s 
likely due to habitat deterioration.  In August 2000, the Jasper fire consumed nearly 
35,000 ha of ponderosa pine (Pinus ponderosa) forest in the southern Black Hills.  To 
ascertain the nutritional condition of white-tailed deer and mule deer (O. hemionus) and 
their response to fire, 5 adult white-tailed deer and 5 adult mule deer were collected in 
burned and unburned habitat, in February and August, 2002 and 2003.  Collected deer 
were weighed and necropsied at a designated field station and samples were removed and 
later analyzed to determine nutritional condition.  Fifteen fresh fecal samples of white-
tailed deer, mule deer, elk (Cervus elaphus), and cattle were collected in burned and 
unburned habitat from January-May and June-October, 2002 and 2003.  
Microhistological analysis was used to determine diet composition, and fecal nitrogen 
and phosphorous were measured using semi-micro Kjeldahl methods and colorimetric 
analysis, respectively.   ANCOVA was used to test for main and interactive effects of 
year, season, and habitat.  Mule deer body weights and kidney fat indices increased from 
2002 to 2003; kidney fat indices were greater in winter than summer, and body weight 
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and fat indices were greater in burned than unburned habitat.  Eviscerated weight of 
white-tailed deer increased from 2002 to 2003, and fat indices were greater in winter than 
summer.  Serum chemistry analyses of mule deer indicated that blood urea nitrogen and 
sodium were greater in winter than summer, and calcium, globulin, and packed cell 
volumes decreased from 2002 to 2003.    In white-tailed deer, chloride and magnesium 
levels were greater in winter than summer, and chloride and phosphorous levels increased 
from 2002 to 2003.  Hepatic mineral assays of mule deer indicated that concentrations of 
manganese and zinc were greater in summer than winter, phosphorous levels were greater 
in winter than summer, barium and chromium levels were greater in 2003 than 2002, 
sulfur levels were greater in 2002 than 2003, and cadmium, manganese, and zinc were 
greater in burned than unburned habitat.  White-tailed deer hepatic mineral 
concentrations of phosphorous, calcium, copper, and iron were greater in winter than 
summer; manganese, molybdenum, nickel, and zinc were greater in summer than winter; 
selenium, copper, and barium were greater in 2003 than 2002; boron, sodium, and sulfur 
were greater in 2002 than 2003; and zinc levels were greater in burned than unburned 
habitat.  Based on serum titers, bovine viral diarrhea virus type I was prevalent in 23.1 
and 30.8% of mule deer in burned and unburned habitat, respectively, whereas type II 
was prevalent in 5.6 and 12.5% of mule deer in burned and unburned habitat, 
respectively.  Epizootic hemorrhagic disease was prevalent in 7.7% of mule deer sampled 
in unburned habitat.  Bovine viral diarrhea virus type I was prevalent in 23.8 and 9.5% of 
white-tailed deer collected in burned and unburned habitat respectively, whereas type II 
was prevalent in 6.7 and 18.8% of white-tailed deer collected in burned and unburned 
 
 
 
   vii
 
habitat, respectively.  Surface enlargement factor of rumen papillae of mule deer was 
greater in summer than winter and in burned compared with unburned habitat, and rumen 
digesta dry weight was greater in unburned than burned habitat.  Surface enlargement 
factor of rumen papillae of white-tailed deer was greater in summer than winter, rumen 
digesta dry weight was greater in 2002 than 2003 and in unburned than burned habitat; 
and gastrointestinal digesta dry weight was greater in 2002 than 2003.  Consumption of 
Bouteloua gracilis by white-tailed deer was greater in winter than summer, 2003 than 
2002, and burned than unburned habitat; total forb was greater in summer than winter and  
burned than unburned habitat; and Symphoricarpus occidentalis, total shrub, fecal 
nitrogen, and fecal phosphorous values were greater in summer than winter.  
Consumption of Bouteloua gracilis by mule deer was greater in 2003 than 2002 and 
winter than summer; Pinus ponderosa was greater in 2002 than 2003; and total forb, S. 
occidentalis, fecal nitrogen, and fecal phosphorous values were greater in summer than 
winter.  Fecal nitrogen in mule deer also was greater in burned than unburned habitat.  In 
cattle, consumption of Trifolium sp. and total forb was greater in summer than fall, and 
Bromus inermis, Poa sp., Stipa comata, Berberis repens, and total shrub consumption 
were greater in fall than summer.  Burned habitat reduced dietary overlap of elk and 
white-tailed deer but increased dietary overlap of white-tailed deer and mule deer, and 
mule deer and elk, in winter.  In summer, burned habitat reduced competition between 
cattle and deer but increased competition for all pairs of ungulate species.  On a per gram 
basis, dietary overlap was greater in burned than unburned habitat for deer and elk in 
winter but was greater in unburned habitat for elk and white-tailed deer, and cattle and 
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white-tailed deer, in summer.  Based on forage removal and vegetation cover response, 
burning increased available forage for deer, elk, and cattle in the southern Black Hills.  
Within 3 years post fire, nutritional condition indices of mule deer were greater in burned 
than unburned habitat, in both winter and summer; however nutritional condition indices 
of white-tailed deer were greater in burned than unburned habitat in summer but not in 
winter.  Therefore, white-tailed deer selection for thermal and hiding cover in burned 
habitat in winter, resulted in limited use burned habitat.  In addition, increased vegetation 
cover in burned habitat reduced competition of elk and cattle with white-tailed deer in 
summer.
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CHAPTER 1 
NUTRITIONAL CONDITION OF MULE DEER AND WHITE-TAILED DEER 
IN THE SOUTHERN BLACK HILLS, SOUTH DAKOTA 
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INTRODUCTION 
 Since the early 1900s the United States Department of Agriculture Forest Service 
has managed the Black Hills National Forest (BHNF) in western South Dakota as a forest 
preserve.  Management has focused on timber production, livestock grazing, and winter 
range for wild cervids, during which suppression of fire became an important component 
of vegetation management (Larson and Johnson 1999).  Suppression of wild fire and 
emphasis on timber production created closure of the dominant canopy of ponderosa pine 
(Pinus ponderosa) resulting in a decrease in quantity and diversity of understory 
vegetation (Larson and Johnson 1999).   
 Leopold et al. (1947) reported that the Harney National Range (currently the 
Black Hills National Forest) in western South Dakota, was a chronic area of deer 
overpopulation.  The white-tailed deer (Odocoileus virginianus dacotensis ) (WTD) 
population in this area suffered from malnutrition due to overbrowsing of habitat, canopy 
closure, and/or fire suppression.  Research in the 1990s indicated that WTD populations 
in the northern and central Black Hills had declined since the late 1970s likely due to 
habitat deterioration (Griffin et al. 1992, Griffin 1994, DePerno 1998).  In the 1990s, 
nutritional condition studies on WTD were conducted in the northern and central Black 
Hills to determine status and relationship of deer to current habitat conditions (Osborn 
1994, Hippensteel 2000).  Results indicated that deer in the Black Hills were in poor 
nutritional condition and exhibited low reproductive rates.  Management 
recommendations to improve WTD condition included pine thinning, pine litter 
reduction, increase in deciduous habitats, increase in forage biomass, and increase in tall 
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shrub–sapling densities (Osborn 1994, DePerno 1998, Hippensteel 2000), all of which 
could be accomplished through burning.   
  Thompson et al. (1991) indicated that opening overstory canopies in forested 
habitats would improve habitat characteristics for WTD.  Prescribed fire in grassland and 
mountain shrub communities also improved winter nutrition of mule deer (O. hemionus) 
(MD) and mountain sheep (Ovis canadensis) by elevating concentrations of protein and 
invitro digestibility of forage (Hobbs and Spowart 1984).  Crude protein and digestibility 
reach their maximum in emergent herbaceous vegetation (Verme and Ullrey 1984) of 
which 13–22% of the former is required for maintaining lactation in WTD (Ullrey et al. 
1967).  Deposition of fat and muscle development occurs in ungulates with high intake of 
energy and protein. Fat reserves are used when diets are below maintenance levels and 
are physiologically important to ungulates as energy reserves for winter survival 
(Stephenson et al. 2002).  Reserves can be critical to survival depending on availability of 
shelter for thermoregulation, snow accumulation, and quality of range (Moen and 
Severinghaus 1981).  Additional factors contributing to body condition through their 
influence on energy and protein reserves include behavioral activity, reproduction, 
disease, and stress (Stephenson et al. 2002).   
 On 24 August 2000, an anthropogenic fire origin burned 34,821 ha in the southern 
Black Hills (SBH).   The Jasper wildfire, was the largest fire recorded in the Black Hills; 
it consumed 7% of the BHNF (Jasper Fire Rapid Assessment 2000).  Burn intensity 
varied from unburned and low (24% of fire area) to moderate (32%) to high-intensity 
burn (39%).  In the southern Black Hills, MD and WTD occur sympatrically.   
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 The objectives of this study were to compare 1) the nutritional condition of MD 
and WTD in burned and unburned habitat on winter and summer ranges and 2) the 
nutritional condition of deer in the SBH to deer in northern and central Black Hills.   
STUDY AREA 
  The Black Hills are located in west-central South Dakota and northeastern 
Wyoming.  The Black Hills are an eastern extension of the Rocky Mountains and 
represent a mountainous island surrounded by grassland and sagebrush (Artemisia sp.) 
steppe ecosystems (Petersen 1984, Larson and Johnson 1999).  Topography in the Black 
Hills ranges from steep ridges, rock outcrops and caves, canyonlands and gulches, to 
rolling hills, upland prairies, and tablelands (Froiland 1990).  Elevation ranges from 973–
2,202 m above sea level.  Mean average temperatures range from 5 to 9° C with low and 
high extremes of – 40 to 44 degrees C, respectively (Orr 1959).  My study area was 
located in the southern Black Hills (SBH) of South Dakota, on the southern edge of the 
Custer Limestone Plateau, in northern Custer and southern Pennington counties, South 
Dakota.     
White-tailed and MD occur sympatrically in the southern Black Hills and use 
separate winter and summer ranges (Dubreuil 2003).   Ponderosa pine dominates the 
Black Hills, comprising about 84% of the overstory canopy (Rumble and Anderson 
1996); remaining canopy consists of small stands of white spruce (Picea glauca) and 
quaking aspen (Populus tremuloides) in higher elevations (Thilenius 1972, Severson and 
Thilenius 1976, Sieg and Severson 1996).  The southwestern portion of the winter range 
is characterized by ponderosa pine/mountain mahogany/Rocky Mountain juniper (Pinus 
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ponderosa/Cercocarpus montanus/Juniperus scopulorum).  Understory vegetation on 
winter range comprises big bluestem (Andropogon gerardii), buffalograss (Buchloe 
dactyloides), fringed sagewort (Artemesia frigida), along with snowberry 
(Symphoricarpus albus), serviceberry (Amelanchier alnifolia), cherry species (Prunus 
sp.), and common juniper (Juniperus communis) (Thilenius 1972, Severson and Thilenius 
1976, Dubreuil 2003).  Dominant understory vegetation on summer range is composed of 
snowberry, serviceberry, Oregon grape (Berberis repens), bearberry (Arctostphylos uva-
ursi), and other grass and forb species (Thilenius 1972, Severson and Thilenius 1976, 
Dubreuil 2003).  Seasonal availability of shrubs in the SBH ranges from 0.62 to 1.01% in 
winter and summer, respectively, which sets forth limitations in tall shrub–sapling 
availability for deer as thermal cover, forage, and concealment of neonates (Deperno 
1998, Dubreuil 2003).   
METHODS     
FIELD METHODS 
 In early February and August, 2002 and 2003, 20 female deer/year/season (5 adult 
female MD and 5 adult female WTD) were collected in and out of the Jasper fire 
perimeter for a total of 80 deer (40 MD and 40 WTD).  Deer were shot in the neck with a 
high-powered rifle (Animal Care and Use Committee 1998; protocol approved by South 
Dakota State University’s Animal Care and Use Committee).  Each animal was marked 
with an identification tag indicating year, season, and individual number.  Deer were 
necropsied at a designated field station. Total and eviscerated body weights were 
 
 
 
   6
 
recorded to the nearest kg.  Fetus(es), ovaries, spleen, kidneys and all attached fat, 
adrenal glands, and right femur were collected and stored frozen until processed. 
ANALYTICAL METHODS 
 Spleens and paired adrenal glands, with fat and connective tissue removed, were 
weighed to the nearest tenth 0.1 g.  Fat reserves were determined using kidney fat indices 
(total perirenal [Monson et al. 1974] and Riney [Riney 1955 as cited by Monson et al. 
1974]).  Femurs were cut in the central portion of the bone and bone marrow samples 
were removed and weighed to the nearest 0.1g; samples were dried to constant weight 
(Neiland 1970).  Percent femur marrow fat (FMF) was calculated as dry weight (g) 
divided by wet weight (g) x 100.  Lower incisors were removed and aged by the South 
Dakota Department of Game, Fish, and Parks via counts of cementum annuli (Gilbert 
1966, Rice 1976).  
STASTISTICAL METHODS 
 Lilliefor’s test was used to evaluate normality assumptions; non-normal data were 
rank transformed (Conover and Iman 1981).  The level for statistical significance was set 
at P < 0.10.  Morphologic and physiological indices were compared for main and 
interactive effects of season, year, and habitat using ANCOVA.  Age was used as the 
covariate, except when spleen and paired adrenal glands weights were analyzed, in which 
case eviscerated weight was used as the covariate.  SYSTAT (Wilkinson 1990) was used 
to perform all statistical analyses.   
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RESULTS 
MULE DEER 
 Covariate and main effect interactions were significant for total body weight (F1, 
29=7.453, P=0.011) between years, total body weight (F1, 29=3.419, P=0.075) between 
seasons, total body weight (F1, 29=24.859, P<0.001) between habitats, and eviscerated 
weight (F1, 28=20.536, P<0.001) between habitats for MD; total body weight (F1, 
11=11.929, P=0.005) between years, total body weight (F1, 11=21.922, P=0.001) between 
habitats, and eviscerated weight (F1, 10=5.765, P=0.037) between habitats for pregnant 
MD; and total body weight (F1, 7=3.716, P=0.095) between habitats and eviscerated body 
weight (F1, 7=4.207, P=0.079) between habitats for lactating MD.  Plots of total body 
weight vs. age and eviscerated weight vs. age were examined, and variables could not be 
distinguished by main effect; therefore, data were not analyzed further. 
Eviscerated weight (F1, 35=5.374, P=0.026), percent femur fat (F1, 27=3.926, 
P=0.058), and spleen weight (F1, 31=4.149, P=0.050) in MD eviscerated weight (F1, 
14=4.116, P=0.062), and spleen weight (F1, 9=12.619, P=0.006) in pregnant MD, and 
percent total kidney fat (F1, 9=4.638, P=0.060) and spleen weight (F1, 9=13.949, P=0.005)  
in lactating MD differed between years.  Eviscerated weights of MD and pregnant MD 
were greater in 2003 than 2002 (Tables 1.1, 1.2); femur fat and spleen weight in MD, 
femur fat in pregnant MD, and percent total kidney fat and spleen weight in lactating MD 
were greater in 2002 than 2003 (Tables 1.1, 1.2, 1.3). The spleen weight, paired adrenal 
gland weight, and reproductive rate in pregnant MD, and percent femur fat, percent Riney 
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fat, and paired adrenal gland weight in lactating MD did not differ (P > 0.1) between 
years.  Percent femur fat in MD differed (F1, 27=17.986, P<0.001) by seasons.  Femur fat 
in MD was greater in winter than summer (Table 1.4).  Eviscerated weight, paired 
adrenal gland weight, and spleen weight in MD did not differ (P > 0.10) by season (Table 
1.4).     
Percent femur fat (F1, 27=4.809, P=0.037), percent Riney fat (F1, 31=3.117, 
P=0.087), and percent total kidney fat (F1, 31=3.117, P=0.086) in MD differed by habitats.  
Femur fat, percent Riney fat, and percent total fat in MD were greater in burned than 
unburned habitat (Table 1.5).  Paired adrenal weight and spleen weight in MD, spleen 
weight, paired adrenal gland weight, and reproductive rate in pregnant MD, and percent 
total kidney fat, spleen weight, percent femur fat, percent Riney fat, and paired adrenal 
gland weight in lactating MD did not differ (P>0.10) by habitat (Tables 1.6, 1.7).   
The season by year interaction was significant for Riney (F1, 31=6.963, P=0.013) 
and total kidney fat (F1, 31=4.330, P=0.046) in MD.   In 2002 and 2003, percent Riney fat 
and total kidney fat in MD were greater (percent Riney fat in 2002: F1, 17=9.399, 
P=0.007; percent Riney fat in 2003: F1, 17=51.852, P<0.001; percent total kidney fat in 
2002: F1, 17=9.919, P=0.006; percent total kidney fat in 2003: F1, 17=56.083, P<0.001) in 
winter (percent Riney fat in 2002: !=74.3 ± 12.0; percent Riney fat in 2003: !=98.4 ± 
12.9; percent total kidney fat in 2002: !=173.7 ± 26.4; percent total kidney fat in 2003: 
!=215.0 ± 42.4) than summer (percent Riney fat in 2002: !=31.7 ± 4.8; percent Riney fat 
in 2003: !=21.4 ± 5.6; percent total kidney fat in 2002: !=66.8 ± 11.7; percent total 
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kidney fat in 2003: !=39.3 ± 12.1, respectively).  Percent Riney fat (F1, 17=3.077, 
P=0.097) and total kidney fat (F1, 17=5.310, P=0.034) in MD were greater in summer 
2002 (percent Riney fat: !=31.7 ± 4.8; percent total kidney fat: !=66.8 ± 11.7) than 
summer 2003 (percent Riney fat: !=21.4 ± 5.6; percent total kidney fat: !=39.3 ± 12.1, 
respectively).   
 The habitat by year interaction (F1, 17=5.671, P=0.029) was significant for fetuses.  
Number of fetuses differed (F1, 9=3.527, P=0.093) in unburned habitat between years 
with levels greater in 2003 (!=2.000 ± 0.000) than 2002 (!=1.167 ± 0.401).  In 2002, 
number of fetuses differed (F1, 9=3.527, P=0.093) between habitats, with levels greater in 
burned (!=2.000 ± 0.000) than unburned habitat (!=1.167 ± 0.401). 
WHITE-TAILED DEER 
 The covariate and main effect interactions were significant for paired adrenal 
gland weight (F1, 26 df =3.855, P=0.060) by season for WTD, and percent Riney kidney fat 
(F1, 7 df =5.634, P=0.049) and percent total fat (F1, 7 df =6.087, P=0.043) by habitat in 
lactating WTD.  Plots of adrenal gland weight vs. eviscerated weight, percent Riney 
kidney fat vs. age, and percent total fat vs. age were examined, and the variables could 
not be distinguished between main effects; therefore, data could not be analyzed further. 
 Only 3 lactating WTD were collected in summer 2003l; therefore, comparisons of 
lactating WTD could not be analyzed between years.  Spleen weights (F1, 32=7.473, 
P=0.010) in WTD, and total body weight (F1, 16=4.383, P=0.053), eviscerated body 
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weight (F1, 17=30.165, P<0.001), percent Riney fat (F1, 17=3.788, P=0.068), and percent 
total kidney fat (F1, 17=3.576, P=0.076) in pregnant WTD differed between years.  Spleen 
weights in WTD were greater in 2002 than 2003 (Table 1.8).  Total body weight, 
eviscerated body weight, percent Riney fat, and percent total kidney fat in pregnant WTD 
were greater in 2003 than 2002 (Table 1.9).  Percent femur fat, Riney fat, total kidney fat, 
and paired adrenal gland weight in WTD, and spleen weight, reproductive rate, and 
number of fetuses in pregnant WTD did not differ (P>0.10) by year.  
Percent femur fat (F1, 24=6.083, P=0.021), Riney fat (F1, 35=74.050, P<0.001), and 
total kidney fat (F1, 35=94.336, P<0.001) in WTD differed between seasons.  Percent 
femur fat, Riney kidney fat, and total fat in WTD were greater in winter than summer 
(Table 1.11).  Spleen weight and paired adrenal gland weight in WTD did not differ (P > 
0.10) by season (Table 1.11).   
Paired adrenal gland weights in lactating WTD were greater (F1, 7=3.972, 
P=0.087) in unburned than burned habitat (Table 1.12).  Total and eviscerated body 
weights, percent femur fat, Riney fat, total kidney fat, spleen weights, and paired adrenal 
gland weights of WTD; total body weight, eviscerated body weights, percent Riney fat, 
percent total fat, spleen weight, reproductive rate, and fetus number in pregnant WTD; 
and total body weight, eviscerated body weight, percent femur fat, and spleen weight in 
lactating WTD did not differ (P > 0.10) between habitats (Tables 1.12-1.14).    
The season by year interaction was significant for total (F1, 32=7.815, P=0.009) 
and eviscerated body weight (F1, 32=7.323, P=0.011) in WTD.  In 2002, total (F1, 
18=8.205, P=0.010) and eviscerated (F1, 17=9.819, P=0.006) body weights were greater in 
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summer (total body weight: !=49.8 ± 1.0; eviscerated body weight: !=36.3 ± 1.2) than 
winter (total body weight: !=44.3 ± 1.6; eviscerated body weight: !=32.8 ± 0.9).  In 
winter, total (F1, 18=6.218, P=0.023) and eviscerated (F1, 19=31.059, P<0.001) body 
weights were greater in 2003 (total body weight: !=49.5 ± 1.2; eviscerated body weight: 
!=37.9 ± 0.9) than 2002 (total body weight: !=44.3 ± 1.6; eviscerated body weight: 
!=32.8 ± 0.9).   
 The year by habitat interaction was significant (F1, 14=7.442, P=0.016) for paired 
adrenal gland weight in pregnant WTD.  In burned habitat, paired adrenal gland weights 
in pregnant WTD were greater (F1, 7=4.628, P=0.068) in 2002 (!=79.569 ± 7.697) than 
2003 (!=122.901 ± 13.8).     
DISCUSSION 
Nutritional condition in ungulates has been evaluated using indices such as kidney 
fat (Riney 1955, Anderson et al. 1990), femur marrow fat (Ransom 1965), organ weights 
(Sams et al. 1998), and body weights (Moen and Severinghaus 1981, Robinette et al. 
1973).   No single parameter can be used to accurately assess nutritional condition in 
deer, rather various indices should be used to determine condition (Sams et al. 1998).   
Controversy still exists over preferential use and reliability of condition indices.  
Anderson et al. (1972) found that the kidney fat index (KFI) correlated best with carcass 
fat index, and femur marrow fat (FMF) was the least correlated; therefore, caution is 
warranted due to the high variability associated with KFI.  Bone marrow fat in tropical 
ruminants under extreme stresses was found to be a better measurement of condition 
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compared with fluctuating kidney fat (Sinclair and Duncan 1972).  In European roe deer 
(Capreolus capreolus), KFI did not adequately represent animals low in body fat while 
FMF was a poor predictor of condition for animals in excellent condition (Holand 1992).  
According to Finger et al. (1981), KFI was a good predictor of total body fat and body 
condition of WTD.  Ransom (1965) argued that Riney kidney fat was a useful index to 
condition if kidney fat levels > 30.  In that instance, he believed that no reference should 
be made to the femur fat index.  Bone marrow fat is mobilized last under environmental 
and physiological stresses, and therefore, it may be a better index of condition than 
kidney fat indices when causes of death are from starvation, disease, and/or predation 
(Sinclair and Duncan 1972). For these reasons multiple morphologic and physiological 
indices were used to determine the nutritional condition of sympatric MD and WTD in 
the southern Black Hills. 
Mule deer will use, and may prefer, burned habitat if standing dead timber is 
available for cover (Davis 1977, Roberts and Tiller 1985, Klinger et al.1989).  Mule deer 
and elk (Cervus elaphus) in the Snowy Range in southeastern Wyoming used young 
burned areas with standing dead timber more than young clear-cut areas with no standing 
dead timber (Davis 1977).  Between these 2 habitats, both plant species richness and 
quantity were similar in burned and logged habitats, but the key component in habitat 
selection was cover provided by standing dead timber.  In chaparral ecosystems, MD and 
black-tailed deer (O. hemionus columbianus) were more attracted to burned compared 
with unburned habitat, but use was related to habitat structure, species composition, and 
proximity to oak (Quercus sp.) woodlands and grasslands (Roberts and Tiller 1985, 
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Klinger et al. 1989). Hobbs and Spowart (1984) concluded that prescribed burning in 
grassland and mountain shrub communities can improve winter nutrition of MD and 
mountain sheep (Ovis canadensis).  Percent femur fat, percent Riney fat, and percent total 
kidney fat were greater in burned than unburned habitat for MD in the SBH; therefore, 
MD used and benefitted from the Jasper fire for 3 years post fire.      
Although MD will use burned and open habitats (Klenbow 1965), WTD may 
avoid recently burned habitat due to inadequate cover characteristics.  In northern Idaho, 
WTD selected unburned Douglas fir/ninebark (Psuedotsuga menziesii/ Physocarpus 
malvaceus) habitat types, which provided dense cover (Keay and Peek 1980).  Use of 
burned habitat by WTD may be limited to areas on the periphery or within close 
proximity of unburned habitat that provides cover, especially in winter, as adequate 
winter cover is necessary for WTD to reduce energy expenditure (Klenbow 1965, Ozoga 
and Gysel 1972, Singer 1979, Keay and Peek 1980).  Ozoga and Gysel (1972) found that 
deer movements increased within swamp conifer cover as severity of winter increased.  
In Glacier National Park, WTD selected spruce fir forest, which provided the greatest 
cover, during times of great snow depths (Singer 1979).  In severe winters, WTD in the 
SBH may select areas of low-intensity burn or no burn for cover characteristics, 
regardless of forage quality.   
In the northern Great Lakes region, WTD congregate in sites with optimal shelter 
even with nutritionally inadequate forage available at these sites (Ozoga and Gysel 1972).  
Dusek (1987) also reported that during severe winter, use of pine habitat for thermal 
cover by WTD in southeastern Montana may override its value for foraging.  Nutritional 
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condition indices for WTD in the SBH did not differ between burned and unburned 
habitat except paired adrenal gland weights, which were greater in unburned than burned 
habitat for lactating WTD.   Heavier adrenal gland weights in lactating WTD in unburned 
habitat may indicate greater population density compared with burned habitat (Welch 
1962).      
According to Dubreuil (2003), female WTD in the southern Black Hills avoided 
intensively burned habitat and selected unburned locations, within one growing season 
post-fire.  He indicated that this selection for unburned habitat was primarily due to lack 
of available cover and forage, which were limited within 1 growing season post fire.  
Irwin (1975) suggested that peak deer response may occur later in successional stages of 
forest regeneration and use may vary seasonally.   Within 2 growing seasons post-fire, 
WTD selected periphery and unburned forest in winter and spring but uses burned habitat 
in summer and fall (Irwin 1975).  Although there was no variation in nutritional condition 
indices in WTD between burned and unburned habitat in the SBH, total body weight, 
eviscerated body weight, percent Riney fat, and percent total fat in WTD increased from 
2002 to 2003.  These results may indicate that WTD in the SBH used burned habitat in 
fall 2002, capitalizing on improved forage conditions.  Total and eviscerated body weight 
in MD and pregnant MD also increased from 2002 to 2003, but femur marrow fat in 
pregnant MD and kidney fat indices in MD in summer were greater in 2002 than 2003.  
Greater kidney fat indices in MD in 2002 may be attributed to fewer number of lactating 
MD in 2002 (n=6) compared to 2003 (n=8).   
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Spleen and adrenal weights can be elevated due to stress and/or high population 
densities (Aiton 1938, Christian 1959, Christian et al. 1960, Welch 1962, Christian and 
Davis 1964).  With the mosaic pattern of the burn in the SBH, unburned habitat pockets 
remained within the perimeter of the Jasper fire.  Availability of suitable habitat was 
probably limited in 2002; therefore, deer would have congregated in these unburned 
pockets increasing density.  This social stress may have contributed to greater spleen 
weights in WTD, MD, and lactating MD, and greater paired adrenal gland weights in 
pregnant WTD in 2002 compared with 2003.  As successional stages developed from 
2002 to 2003, useable habitat may have increased thereby reducing population density.         
Seasonal variation in kidney and femur fat indices are related to reproductive 
status.  Demands of the third trimester coupled with nutritional requirements of lactation 
cause a decrease in fat reserves (Johns et al.1983, Deliberto et al. 1989, Jenks and Leslie 
2003).  Female WTD in South Carolina reach their lowest KFI’s in late August and 
September (Johns et al. 1983) while deer in northern latitudes lose fat at a much higher 
rate (Ransom 1967: Fig. 3 as cited in Johns et al. 1983, DeLiberto 1989).  Waid and 
Warren (1984) reported the highest KFIs and femur marrow fat in WTD in Texas in 
January, decreasing to the lowest levels in August.  Anderson et al. (1972) reported 
seasonal variation in fat levels in MD; declines in fat levels began in early December.  In 
the SBH, percent Riney fat, percent femur fat, and total kidney fat were greater in winter 
than summer in MD and WTD.  To meet metabolic requirements for lactation, female 
deer deposit energy reserves in fall and winter and then metabolize these reserves during 
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spring and summer (DeLiberto et al. 1989).  Thus, decrease in fat reserves in SBH deer 
from January to August probably were due to demands of lactation.      
Stephenson et al. (2002) noted that whole body mass was a good predictor of 
ingesta free–lean body mass but did not accurately predict body fat in adult female MD.   
Robinette et al. (1972) reported that gravid captive MD gained weight throughout the 
winter until parturition; additional weight loss followed 1–2 months post parturition due 
to demands of lactation.  Waid and Warren (1984) reported higher whole body weights 
and dressed weights in January compared with August in WTD in Texas.  I found no 
seasonal variation in body weights in MD in the SBH, but total and eviscerated body 
weights of WTD in 2002 were greater in summer than winter.    
Osborn (1994) and Hippensteel (2000) evaluated nutritional condition of WTD in 
the NBH and CBH.  Hippensteel (2000) concluded that deer in the northern Black Hills 
were in better nutritional condition then deer in the central Black Hills.  Better condition 
of deer in the NBH was attributed to available agricultural lands and food 
supplementation.   As in the CBH, agricultural lands in the SBH are unavailable or 
limited to deer.  Therefore, deer are dependent on natural forages (Hippensteel 2000).  
Average ages of collected WTD females in winter from the NBH, CBH, and SBH were 
5.5 (Osborn 1994, Hippensteel 2000.  Total body weight of WTD females in winter in the 
SBH was similar to those in the CBH, although total body weight was greater in the 
NBH.  Conversely, eviscerated body weight levels were similar between the NBH and 
SBH, both being greater than those in the central Black Hills.   
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Total and Riney kidney fat of WTD in winter in the SBH was nearly twice as high 
as those reported for WTD in the NBH and CBH (Table 1.15).  Femur marrow fat, paired 
adrenal gland weight, and spleen weight of WTD in winter also were greater in the SBH 
compared with the NBH and CBH (Table 1.15).  Welch (1962) reported greater adrenal 
gland weights in WTD populations with greater densities.  The greater weight of adrenal 
glands in SBH may indicate greater population density of deer in the SBH compared to 
the NBH and CBH; greater density in the SBH may have been a result of concentration of 
WTD in suitable habitat pockets post fire. Reproductive rates also were greater in the 
SBH compared with the NBH and CBH.  Reproductive rate in the SBH was 1.9 
fawns/doe compared to 1.3 and 1.4 in the CBH and NBH, respectively (Osborn 1994, 
Hippensteel 2000).  Verme (1969) found reproductive rates of 1.36 fawns/prime-age 
female on a low nutritional plane compared to1.80 fawns per prime-age female on a high 
nutritional plane in captive WTD.    
Based on nutritional condition indices of WTD examined, deer in the SBH were 
in better nutritional condition than deer in central and northern Black Hills.  Higher 
nutritional condition indices in SBH WTD may have been a result of fire or habitat 
characteristics.  Higher reproductive rate in the SBH further indicates that WTD in the 
SBH were in better nutritional condition than deer in the northern and southern Black 
Hills.   
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Table 1.1. Annual variation in morphologic and physiological indices of mule deer in the 
southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights adjusted for 
eviscerated weight.  Symbols: ** significant interaction between covariate and year; *** 
significant interactive main effects. 
    2002    2003   
Index   !  SE   !  SE  P  
Age (years)  3.6  0.5  4.5  0.5  0.148  
Fetus number  1.5  0.2  1.7  0.2  *** 
Total body weight 55.5  1.6  59.0  1.6  ** 
  (kg)       
Eviscerated weight 40.0  1.2  44.6  1.3  0.026 
  (kg)    
Femur marrow fat  82.7  4.0  78.5  4.1  0.058 
  (%)    
Riney kidney fat 53.0  8.0  59.9  11.2  *** 
  (%)    
Total kidney fat 120.2  18.7  127.1  29.4  *** 
  (%)    
Spleen/eviscerated 4.8  0.4  3.8  0.1  0.050 
  weight (mg/kg)    
Paired adrenal/ 118.9  10.5  114.7  7.0  0.959 
  eviscerated weight (g/kg)          
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Table 1.2.  Annual variation in morphologic and physiological indices of pregnant mule deer in 
the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights adjusted 
for eviscerated weight.  Symbols: ** significant interaction between covariate and year; *** 
significant interactive main effects. 
    2002    2003   
Index   !  SE  !  SE  P 
Age (years)  4.4  1.0  5.4  0.7  ***  
Fetus number  1.9  0.1  1.9  0.1  1.000 
Total body weight 57.3  2.7  60.7  2.1  ** 
  (kg)    
Eviscerated weight 40.8  2.1  46.8  1.9  0.062 
  (kg)    
Femur marrow fat 94.8  0.6  88.1  1.0  0.006 
  (%)    
Riney kidney fat 86.5  11.2  98.1  14.4  0.406 
  (%)    
Total kidney fat 204.6  21.0  215.5  47.4  0.056 
  (%)    
Spleen/eviscerated 5.3  0.7  3.9  0.3  0.182 
  weight (mg/kg)  
Paired adrenal/ 108.5  20.0  119.0  11.0  0.464                          
 
 
  eviscerated weight (g/kg) 
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Table 1.3. Annual variation in morphologic and physiological indices of lactating mule deer in 
the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights adjusted 
for eviscerated weight.   
    2002    2003   
Index   !  SE  !  SE  P  
Age (years)  3.7  0.4  3.3  0.4  0.924 
Total body weight 59.0  1.6  60.4  1.6  0.596 
  (kg)    
Eviscerated weight 42.6  1.8  44.6  0.9  0.345 
  (kg)    
Femur marrow fat 71.3  8.5  67.6  8.3  0.566 
  (%)    
Riney kidney fat 22.8  2.8  16.9  3.0  0.171 
  (%)    
Total kidney fat 45.6  6.4  29.7  5.6  0.060 
  (%)    
Spleen/eviscerated  4.7  0.4  3.5  0.1  0.005 
  weight (mg/kg)  
Paired adrenal/ 144.7  18.5  113.9  12.7  0.339 
  eviscerated weight (g/kg)          
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Table 1.4.  Seasonal variation in morphologic and physiological indices of mule deer in the 
southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights adjusted for 
eviscerated weight.  Symbols: ** significant interaction between covariate and year; *** 
significant interactive main effects. 
    Winter    Summer  
Index   !  SE  !  SE  P  
Age (years)  4.7  0.5  3.3  0.4  0.012 
Total body weight 58.0  1.7  56.3  1.5  ** 
  (kg)    
Eviscerated weight 42.8  1.6  41.6  1.0  0.698 
  (kg)    
Femur marrow fat 89.7  1.3  72.9  4.5             <0.001 
  (%)    
Riney kidney fat 86.4  9.0  26.5  3.8  *** 
  (%)       
Total kidney fat 194.3  24.8  53.0  8.8  *** 
  (%)    
Spleen/eviscerated 4.5  0.4  4.1  0.2  0.620 
  weight (mg/kg)  
Paired adrenal/ 111.6  8.8  121.3  8.6  0.560 
  eviscerated weight (g/kg)          
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Table 1.5.  Comparison of morphologic and physiological indices of mule deer between habitats 
in the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights 
adjusted for eviscerated weight.  Symbols: ** significant interaction between covariate and year; 
*** significant interactive main effects. 
    Burn    Unburn  
Index               !  SE  !  SE  P  
Age (years)  4.9  0.5  3.2  0.4  0.011  
Fetus number  1.7  0.2  1.5  0.2  *** 
Total body weight 58.7  1.2  55.7  1.9  ** 
  (kg)       
Eviscerated weight 44.1  1.0  40.5  1.5  ** 
  (kg)    
Femur marrow fat 84.8  2.7  76.0  5.0  0.037 
  (%)       
Riney kidney fat 57.9  8.0  55.0  11.2  0.087  
  (%)      
Total kidney fat 126.5  17.8  120.9  30.0  0.086 
  (%)       
Spleen/eviscerated 4.3  0.2  4.4  0.4  0.908  
  weight (mg/kg)   
Paired adrenal/ 123.7  10.8  110.4  6.3  0.232 
  eviscerated (g/kg)                                    
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Table 1.6.  Comparison of morphologic and physiological indices of pregnant mule deer between 
habitats in the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights 
adjusted for eviscerated weight.  Symbols: ** significant interaction between covariate and year; 
*** significant interactive main effects. 
    Burn    Unburn  
Index   !  SE  !  SE  P 
Age (years)  5.9  0.7  4.0  0.9  *** 
Fetus number  1.9  0.1  1.9  0.1  1.000 
Total body weight 61.6  1.5  56.5  2.9  ** 
  (kg)     
Eviscerated weight 46.5  1.2  41.0  2.6  ** 
  (kg)    
Femur marrow fat 91.7  1.3  89.3  1.8  0.369 
  (%)    
Riney kidney fat 84.8  8.4  101.4  17.1  0.909 
  (%)    
Total kidney fat  191.0  15.5  232.2  53.9  ** 
  (%)    
Spleen/eviscerated  4.7  0.4  4.6  0.8  0.895 
  weight (mg/kg)  
Paired adrenal/ 123.6  14.7  105.3  14.7  0.315 
  eviscerated weight (g/kg)          
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Table 1.7.  Comparison of morphologic and physiological indices of lactating mule deer collected 
between habitats in the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal 
gland weights adjusted for eviscerated weight.  Symbols: ** significant interaction between 
covariate and year. 
    Burn    Unburn  
Index   !  SE  !  SE  P  
Age (years)  4.6  0.7  3.3  0.4  0.207 
Total body weight 58.0  1.2  61.6  1.7  ** 
  (kg)    
Eviscerated weight 43.1  1.4  44.4  1.3  ** 
  (kg)    
Femur marrow fat  76.4  5.0  61.9  10.1  0.228 
  (%)    
Riney kidney fat 20.4  3.0  18.4  3.3  0.380 
  (%)    
Total kidney fat  38.4  5.6  34.7  7.8  0.201 
  (%)    
Spleen/eviscerated  3.8  0.3  4.2  0.4  0.869 
  weight (mg/kg)  
Paired adrenal/ 132.7  22.1  121.5  6.4  0.613 
  eviscerated weight (g/kg)          
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Table 1.8.  Annual variation in morphologic and physiological indices of white-tailed deer in the 
southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights adjusted for 
eviscerated weight.  Symbols: *** significant interactive main effects. 
    2002    2003   
Index   !  SE  !  SE  P  
Age (years)  5.5  0.5  4.4  0.5  0.135 
Fetus number  1.8  0.1  2.0  0.0  0.169 
Total body weight 46.9  1.1  47.9  0.9  *** 
  (kg)    
Eviscerated weight 34.3  0.8  37.4  0.8  *** 
  (kg)    
Femur marrow fat 83.1  3.5  87.1  1.2  0.640 
  (%)    
Riney kidney fat 64.6  10.2  86.2  12.5  0.201 
  (%)    
Total kidney fat 138.0  22.8  173.5  26.4  0.481 
  (%)    
Spleen/eviscerated 4.8  0.4  3.5  0.2  0.010 
  weight (mg/kg)  
Paired adrenal/ 101.7  8.5  99.9  8.1  0.995 
  eviscerated weight (g/kg)          
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Table 1.9.  Annual variation in morphologic and physiological indices of pregnant white-tailed 
deer in the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights 
adjusted for eviscerated weight.  Symbols: -- Could not be analyzed. 
    2002    2003   
Index   !  SE  !  SE  P  
Age (years)  5.5  1.0  5.5  0.7  0.958 
Fetus number  1.8  0.1  2.0  0.0  0.169 
Total body weight  44.3  1.6  49.5  1.2  0.053 
  (kg)    
Eviscerated weight  32.0  0.9  37.9  0.9           <0.001 
  (kg)    
Femur marrow fat  --  --  90.1  1.2  -- 
  (%)    
Riney kidney fat  95.1  13.5  130.3  12.4  0.068 
  (%)    
Total kidney fat 209.4  28.8  272.2  22.9  0.076 
  (%)    
Spleen/eviscerated 4.7  0.5  3.5  0.3  0.303 
  weight (mg/kg)  
Paired adrenal/ 88.1  7.7  105.3  9.2  *** 
  eviscerated weight (g/kg)          
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Table 1.10.  Annual variation in morphologic and physiological indices of lactating white-tailed 
deer in the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights 
adjusted for eviscerated weight.  Data could not be analyzed because of small n. 
    2002    2003   
Index   !  SE  !  SE   
Age (years)  6.1  0.4  4.3  0.3   
Total body weight  49.6  1.0  49.4  1.4   
  (kg)        
Eviscerated weight  35.7  1.3  37.1  0.8  
  (kg)    
Femur marrow fat  81.9  4.3  84.6  0.9  
  (%)    
Riney kidney fat  24.9  4.6  19.7  3.9  
  (%)     
Total kidney fat  47.8  7.7  33.2  3.9  
  (%)    
Spleen/eviscerated  4.3  0.3  3.5  0.4  
  weight (mg/kg)  
Paired adrenal/ 118.4  17.5  131.3  40.8  
  eviscerated weight (g/kg)          
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Table 1.11.  Seasonal variation in morphologic and physiological indices of white-tailed deer in 
the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights adjusted 
for eviscerated weight.  Symbols: ** significant interaction between covariate and year; *** 
significant interactive main effects. 
    Winter              Summer  
Index   !  SE  !  SE  P  
Age (years)  5.5  0.6  4.4  0.5  0.931 
Total body weight 46.8  1.1  48.1  0.9  *** 
  (kg)    
Eviscerated weight 35.3  0.8  36.5  0.8  *** 
  (kg)    
Femur marrow fat 90.1  1.2  83.5  1.9  0.021 
  (%)    
Riney kidney fat 112.7  9.7  34.4  4.3           <0.001 
  (%)    
Total kidney fat 240.8  19.2  62.2  7.2           <0.001 
  (%)    
Spleen/eviscerated 4.1  0.3  4.2  0.3  0.648 
  weight (mg/kg)  
Paired adrenal/ 98.1  6.4  103.4  9.8  ** 
  eviscerated weight (g/kg)         
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Table 1.12.  Comparison of morphologic and physiological indices of lactating white-tailed deer 
between habitats in the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal 
gland weights adjusted for eviscerated weight.  Symbols: ** significant interaction between 
covariate and year. 
    Burn    Unburn 
Index   !  SE  !  SE  P  
Age (years)  6.75  0.6  5.0  0.4  0.031 
Total body weight  48.9  1.7  49.9  0.9  0.802 
  (kg)    
Eviscerated weight  34.9  1.9  36.9  1.0  0.865 
  (kg)    
Femur marrow fat 82.4  6.7  82.7  3.5  0.345 
  (%)    
Riney kidney fat  28.4  8.6  20.6  2.8  ** 
  (%)    
Total kidney fat 50.0  15.0  40.3  4.6  ** 
  (%)    
Spleen/eviscerated   4.5  0.3  3.7  0.3  0.126 
  weight (mg/kg)                
Paired adrenal/ 115.2  29.7  127.0  20.2  0.087 
  eviscerated weight (g/kg)          
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Table 1.13.  Comparison of morphologic and physiological indices of white-tailed deer between 
habitats in the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal gland weights 
adjusted for eviscerated weight.   
    Burn    Unburn  
Index   !  SE  !  SE  P  
Age (years)  5.0  0.5  5.0  0.6  0.146 
Fetus number  1.9  0.1  1.9  0.1  0.844 
Total body weight 46.8  0.9  48.0  1.1  0.164 
  (kg)    
Eviscerated weight 35.5  0.7  36.3  1.0  0.740 
  (kg) 
Femur marrow fat 85.1  2.2  86.5  1.9  0.996 
  (%) 
Riney kidney fat 74.3  10.7  76.5  12.6  0.762 
  (%) 
Total kidney fat 151.9  22.9  159.6  26.9  0.820 
  (%) 
Spleen/eviscerated 4.3  0.3  4.0  0.3  0.539 
  weight (mg/kg)   
Paired adrenal/ 96.9  8.3  104.9  8.3  0.412 
  eviscerated weight (g/kg)          
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Table 1.14.  Comparison of morphologic and physiological indices of pregnant white-tailed deer 
between habitats in the southern Black Hills, South Dakota, 2002–2003.  Spleen and adrenal 
gland weights adjusted for eviscerated weight.  Symbols: ** significant interaction between 
covariate and year; *** significant interactive main effects; --  could not be analyzed. 
    Burn    Unburn   
Index   !  SE  !  SE  P  
Age (years)  5.4  0.7  5.6  0.9  0.835 
Fetus number  1.9  0.1  1.9  0.1  0.844 
Total body weight  46.6  1.4  46.9  1.9  0.686 
  (kg)    
Eviscerated weight  35.2  0.9  35.4  1.5  0.854 
  (kg)    
Femur marrow fat 90.4  1.0  89.8  2.1  -- 
  (%)    
Riney kidney fat         110.3  12.1  115.1  15.8  0.869 
  (%)    
Total kidney fat  233.5  23.2  248.1  31.6  0.711 
  (%)    
Spleen/eviscerated  4.4  0.6  3.8  0.3  ** 
  weight (mg/kg)  
Paired adrenal/            101.2  10.4  94.6  7.7  ***                                  
  eviscerated weight (g/kg)         
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Table 1.15.  Comparison of white-tailed deer nutritional condition indices from the southern, 
central (Hippensteel 2000), and northern (Osborn 1994) Black Hills, South Dakota. Spleen and 
adrenal gland weights adjusted for eviscerated weight.  
Index        SBH     CBH       NBH 
    ! SE  ! SE  ! SE 
Age    5.5  0.6  5.5  0.3  5.5  0.3 
Reproductive Rate  1.9  0.1  1.3  0.1  1.4  0.1 
Total body weight (kg) 46.8  1.1  46.5  0.9  51.4  0.8 
Eviscerated body weight 35.4  0.8  31.6  0.9  36.6  0.5 
  (kg) 
Total kidney fat (%)  240.5  19.2  129.6  8.3  106.5  10.4 
Riney kidney fat (%)  112.7  9.7  61.1  3.9  54.5  4.63 
Femur marrow fat (%) 90.1  1.2  89.3  1.1  82.1  1.6 
Paired adrenal/  98.1  6.4  82.3  2.4  90.5  3.0  
  eviscerated weight (mg/kg)2
Spleen/eviscerated  4.1  0.3  4.0  0.1  3.8  0.1 
  weight (g/kg)2           
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CHAPTER 2 
HEPATIC AND SERUM ASSAYS, AND PARASITIC AND INFECTIOUS 
DISEASES OF MULE AND WHITE-TAILED DEER IN THE SOUTHERN 
BLACK HILLS, SOUTH DAKOTA 
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INTRODUCTION 
 Since the early 1900s the United States Department of Agriculture Forest Service 
managed the Black Hills National Forest in western South Dakota as a forest preserve.  
Management focused on timber production, livestock grazing, and winter range for wild 
cervids, during which suppression of fire became an important component of vegetation 
management (Larson and Johnson 1999).  Suppression of wild fire and emphasis on 
timber production created closure of the dominant canopy of ponderosa pine (Pinus 
ponderosa), with concomitant decreases in quantity and diversity of understory 
vegetation (Larson and Johnson 1999).  Leopold et al. (1947) reported that the Harney 
National Range (currently the Black Hills National Forest) in western South Dakota, was 
a chronic area of deer overpopulation.  The white-tailed deer (Odocoileus virginianus 
dakotensis) (WTD) population in this area suffered from malnutrition due to 
overbrowsing of habitat, canopy closure, and/or fire suppression.   
Boddicker and Hugghins (1969) reported that Black Hills deer were more 
consistently parasitized, were lighter in weight, and were in poorer condition than deer 
from other areas in South Dakota.  Research in the 1990s indicated that WTD populations 
in the northern and central Black Hills had declined since the late 1970s likely due to 
habitat deterioration (Griffin et al. 1992, Griffin 1994, DePerno 1998).  In the 1990s, 
nutritional condition studies on WTD were conducted in the northern and central Black 
Hills to determine status and relationship of deer to current habitat conditions (Osborn 
1994, Hippensteel 2000).  Results indicated that deer in the Black Hills were in poor 
nutritional condition and exhibited low reproductive rates.  Management 
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recommendations to improve WTD condition included pine thinning, pine litter 
reduction, increase in deciduous habitats, increase in forage biomass, and increase in tall 
shrub–sapling densities (Osborn 1994, DePerno 1998, Hippensteel 2000), all of which 
could be accomplished through burning.   
  Thompson et al. (1991) indicated that opening overstory canopies in forested 
habitats would improve habitat characteristics for WTD.  Prescribed fire in grassland and 
mountain shrub communities also improved winter nutrition of mule deer (O. hemionus) 
(MD) and mountain sheep (Ovis canadensis) by elevating concentrations of protein and 
in vitro digestibility of forage (Hobbs and Spowart 1984).  Crude protein and digestibility 
reach their maximum in emergent herbaceous vegetation (Verme and Ullrey 1984), of 
which 13–22% of the former is required for maintaining lactation in WTD (Ullrey et al. 
1967).  Deposition of fat and muscle development occurs in ungulates with high intake of 
energy and protein. Fat reserves are used when diets are below maintenance levels and 
are physiologically important to ungulates as energy reserves for winter survival 
(Stephenson et al. 2002).  Reserves can be critical to survival depending on availability of 
shelter for thermoregulation, snow accumulation, and quality of range (Moen and 
Severinghaus 1981).  Additional factors contributing to body condition, through their 
influence of energy and protein reserves, include behavioral activity, reproduction, 
disease, and stress (Stephenson et al. 2002).   
 Fire causes an immediate release of nutrients, previously held in above-ground 
plant biomass, causing, in most cases a significant increase in concentration of nutrients 
(Christensen 1976).  Plant species, season, and maturity stage affect mineral levels in 
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plants (Kincaid 1988).  For example, legumes have greater concentrations of calcium, 
copper, and zinc compared with grasses but contain less manganese and molybdenum 
(Kincaid 1988).  With plant maturation, levels of phosphorous and potassium decrease 
while silica and aluminum concentrations increase (Kincaid 1988).     
 On 24 August 2000, an anthropogenic fire burned 34,821 ha in the SBH.   This 
fire, the Jasper wildfire, was the largest fire recorded in the Black Hills; it consumed 7% 
of the BHNF (Jasper Fire Rapid Assessment 2000).  Burn intensity varied from unburned 
and low intensity (24% of fire area) to moderate (32%) and high-intensity burn (24%).   
 The objectives of this study were to present reference information on major and 
trace elements in hepatic samples, serology profiles, presence/absence of parasites, and 
serologic evidence of disease in white-tailed and mule deer in the SBH.  I also used this 
data to compare and assess the nutritional condition of MD and WTD in burned and 
unburned habitat on winter and summer ranges.     
STUDY AREA 
  The Black Hills are located in west-central South Dakota and northeastern 
Wyoming.  The Black Hills are an eastern extension of the Rocky Mountains and 
represent a mountainous island surrounded by grassland and sagebrush (Artemesia sp.) 
steppe ecosystems (Petersen 1984, Larson and Johnson 1999).  Topography in the Black 
Hills ranges from steep ridges, rock outcrops and caves, canyonlands and gulches, to 
rolling hills, upland prairies, and tablelands (Froiland 1990).  Elevation ranges from 973–
2,202 m above mean sea level.  Mean average temperatures range from 5 to 9° C with 
low and high extremes of – 40 to 44° C, respectively (Orr 1959). My study area was 
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located in the southern Black Hills (SBH) of South Dakota, on the southern edge of the 
Custer Limestone Plateau, in northern Custer and southern Pennington counties.     
Ponderosa pine dominates the Black Hills, comprising about 84% of the overstory 
canopy (Rumble and Anderson 1996); remaining canopy consists of small stands of white 
spruce (Picea glauca) and quaking aspen (Populus tremuloides) at higher elevations 
(Thilenius 1972, Severson and Thilenius 1976, Sieg and Severson 1996).  The 
southwestern portion of the winter range is characterized by ponderosa pine/mountain 
mahogany/Rocky Mountain juniper (Pinus ponderosa/Cercocarpus montanus/Juniperus 
scopulorum).  Understory vegetation on winter range comprises big bluestem 
(Andropogon gerardii), buffalograss (Buchloe dactyloides), fringed sagewort (Artemesia 
frigida), along with snowberry (Symphoricarpus albus), serviceberry (Amelanchier 
alnifolia), cherry species (Prunus sp.), and common juniper (Juniperus communis) 
(Thilenius 1972, Severson and Thilenius 1976, Dubreuil 2003).  In addition, the dominant 
understory vegetation on summer range is composed of snowberry, serviceberry, Oregon 
grape (Berberis repens), bearberry (Arctostphylos uva-ursi), and a variety of grass and 
forb species (Thilenius 1972, Severson and Thilenius 1976, Dubreuil 2003).  White-tailed 
deer and MD occur sympatrically in the southern Black Hills utilizing separate winter 
and summer ranges (Dubreuil 2003).    
Seasonal availability of shrubs in the SBH ranges from 0.62% in winter to 1.01% 
in summer, which sets forth limitations in tall shrub–sapling availability for deer for use 
as thermal cover, forage, and concealment of neonates (Deperno 1998, Dubreuil 2003).  
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Female WTD in the SBH select pine, pine-spruce and pine-aspen habitats with grass-forb 
understories as foraging areas (Dubreuil 2003).   
METHODS      
FIELD METHODS 
 In early February and August, 2002 and 2003, 20 female deer/year/season (5 adult 
female MD and 5 adult female WTD) were collected in and out of the Jasper fire 
perimeter for a total of 80 deer (40 MD and 40 WTD).  Deer were shot in the neck with a 
high-powered rifle (Animal Care and Use Committee 1998; protocol approved by South 
Dakota State University’s Animal Care and Use Committee).  Blood samples were 
collected with 10 minutes of shooting via the heart puncture method.  Blood samples 
were collected in Vacutainer (Becton Dickinson, Rutherford, New Jersey 07070, USA) 
whole blood tubes with liquid 7.5% EDTA solution and serum separation tubes with clot 
activator.  Blood samples were kept on ice until analyzed.  Each animal was marked with 
an identification tag indicating year, season, and individual number.  Deer were 
necropsied at a designated field station. Mesentery was examined for presence of Taenia 
sp. cystercerci; cystercerci were removed and fixed in 10% buffered formalin until 
identified.  The liver was removed and stored on ice until processed.  The head was 
removed and stored on ice until processed.  The teeth were removed for aging by 
cementum annuli (Gilbert 1966, Rice 1980).   
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ANALYTICAL METHODS 
 Serum tubes were spun using a centrifuge and separated serum was decanted and 
stored frozen.  Serum samples were submitted to the Animal Disease Research and 
Diagnostics Laboratory (South Dakota State University, Brookings, South Dakota, USA).  
Samples were tested for bovine viral diarrhea (BVDV) virus type I and II, epizootic 
hemorrhagic disease (EHD), Johne's disease (JD), malignant catarrhal fever (MCF), 
bluetongue (BT), and West Nile virus (WNV).  Serum chemistry was used to determine 
levels of chloride (MMOL/L), glucose (mg/dl), bilirubin (md/dl), protein (g/dl), 
magnesium (mEq/L), creatinine phosphokinase (CPK) (IU/L), calcium (mg/dl), gamma 
glutamyl transpeptidase (GGTP) (IU/L), aspirate aminotransferase (AST) (IU/L), 
creatinine (mg/dl), blood urea nitrogen (BUN) (mg/dl), phosphorous (mg/dl), albumin 
(g/dl), globulin (g/dl), sodium (mEq/L), and potassium (mEq/L).  Microcapillary method 
was used to determine packed cell volume levels (%) from whole blood samples (Ravel 
1989).   
 Livers were cut in 1 cm cross sections and examined for giant liver flukes 
(Fascioloides magna).  Liver samples were analyzed for heavy metal and mineral 
accumulations at Station Biochemistry (South Dakota State University, Brookings, South 
Dakota, USA). Samples were tested for levels (ppm) of aluminum, antimony, arsenic, 
barium, boron, cadmium, chromium, cobalt, copper, iron, lead, magnesium, manganese, 
mercury, molybdenum, nickel, phosphorus, potassium, selenium, sodium, sulfur, thalium, 
and zinc.   
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 The brain stem, cerebellum, retropharyngeal lymph nodes, and tonsils were 
removed from the head and fixed in 10% buffered formalin.  Those samples were tested 
for chronic wasting disease at the Department of Veterinary Science (University of 
Wyoming, Laramie, Wyoming, USA).  Submandibular and retropharyngeal lymph nodes 
were sliced for evidence of bovine tuberculosis (Jacques et al. 2003).  Heads were cut 
along the sagittal crest using a bandsaw for examination of brain worm  
(Parelaphostrongylus tenuis) (Jacques and Jenks 2003) and nasal bots (Cephenemyia 
sp.).  Collected parasites were fixed in 10% buffered formalin and later transferred to 
ethyl alcohol.  All parasites were submitted for identification and registration at the H. W. 
Manter Laboratory Collections Museum (University of Nebraska, Lincoln, Nebraska, 
USA).  Lower incisors were removed and aged by the South Dakota Department of 
Game, Fish, and Parks via counts of cementum annuli (Gilbert 1966, Rice 1980).  
STATISTICAL METHODS 
 Lilliefor’s test was used to evaluate normality assumptions.  Non-normal data 
were rank transformed (Conover and Iman 1981).  The level for statistical significance 
was set at P < 0.05.  Blood chemistry and hepatic mineral and metal levels were 
compared for main effects and interactions of season, year, and habitat using ANCOVA.  
Age was used as the covariate.  SYSTAT (Wilkinson 1990) was used to perform all 
statistical analyses.   
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 RESULTS 
MULE DEER SERUM CHEMISTRY 
 The main effect and covariate interaction was significant for CPK (F1, 28=4.900, 
P=0.035) between years, AST (F1, 29 =9.209, P=0.005) between years, AST (F1, 
29=10.469, P=0.003) between seasons, and phosphorous (F1, 29=8.356, P=0.007) between 
seasons in MD.  Plots of CPK vs. age, AST vs. age for year and season, and phosphorous 
vs. age were examined and levels could not be distinguished between main effects; 
therefore, data could not be analyzed further.  Sodium (F1, 32=14.322, P=0.001) and BUN 
(F1, 32=11.548, P=0.002) differed between seasons.  Sodium and BUN were greater in 
summer than winter; packed cell volume was greater in winter than summer (Table 2.1).  
Calcium, CPK, globulin, and packed cell volume did not differ between seasons (P > 
0.05).  Globulin (F1, 32=11.737, P=0.002), calcium (F1, 32=18.586, P<0.001), and packed 
cell volume (F1, 28=4.672, P=0.039) levels differed between years with levels greater in 
2002 than 2003 (Table 2.2).  GGTP, BUN, phosphorous, and sodium did not differ (P > 
0.05) by years.  Chloride, total bilirubin, total protein, CPK, calcium, creatinine, BUN, 
phosphorus, albumin, globulin, sodium, potassium, and packed cell volume did not differ 
(P > 0.05) between habitats.  
 The season by year interactions were significant for total protein (F1, 32=5.984, 
P=0.020), creatinine (F1, 32 =18.313, P<0.001), albumin (F1, 32=14.661, P=0.001), 
potassium (F1, 32=16.227, P<0.001), chloride (F1, 32=17.022, P<0.001), and total bilirubin 
(F1, 32=8.556, P=0.006).  Creatinine (F1, 18=13.036, P=0.002), albumin (F1, 17=14.553, 
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P=0.001), potassium (F1, 17=15.662, P=0.001), chloride (F1, 17 =85.567, P<0.001), and 
total bilirubin (F1, 17=16.889, P=0.001) levels differed in summer between years.  
Creatinine and potassium levels were greater in 2002 (creatinine: !=1.180 ± 0.079; 
potassium: !=13.940 ± 1.900) than 2003 (creatinine: !=0.850 ± 0.034; potassium: 
!=9.034 ± 0.495). Albumin, chloride, and total bilirubin levels were higher in 2003 
(albumin: !=3.330 ± 0.111; chloride: !=103.600 ± 1.166; total bilirubin: !=0.480 ± 
0.068) than 2002 (albumin: !=2.550 ± 0.161; chloride: !=90.000 ± 1.155; total bilirubin: 
!=0.260 ± 0.016).  Total protein (F1, 18=6.688, P=0.019) and creatinine (F1, 18=10.134, 
P=0.005) levels differed in winter between years.  Total protein levels were greater in 
2002 (!=6.927 ± 0.157) than 2003 (x=6.360 ± 0.221) and creatinine levels were higher in 
2003 (!=2.430 ± 0.197) than 2002 (!=1.964 ± 0.083).   Total protein (F1, 18=11.389, 
P=0.003), albumin (F1, 18=14.210, P=0.001), creatinine (F1, 18=28.387, P<0.001), chloride 
(F1, 18=11.031, P=0.004), and total bilirubin (F1, 18 =16.668, P=0.001) differed in 2002 
between seasons. Total protein, albumin, chloride, total bilirubin, and creatinine were 
greater in winter (total protein: !=6.927 ± 0.157; albumin: !=3.273 ± 0.094; chloride: 
!=64.363 ± 0.956; total bilirubin: !=0.609 ± 0.119; creatinine: !=1.964 ± 0.083) than 
summer (total protein: !=6.110 ± 0.177; albumin: !=2.550 ± 0.161; chloride: !=90.000 ± 
1.155; total bilirubin: !=0.260 ± 0.016; creatinine: !=1.180 ± 0.079).  Creatinine (F1, 
17=171.435, P<0.001), potassium (F1, 17=55.959, P<0.001), and chloride (F1, 17=5.097, 
P=0.037) differed in 2003 between seasons.  Creatinine and potassium levels were 
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greater in winter (creatinine: !=2.430 ± 0.197; potassium: !=25.329 ± 3.291) than 
summer (creatinine: !=0.950 ± 0.034; potassium: !=9.034 ± 0.495), and chloride levels 
were greater in summer (!=103.600 ± 1.166) than winter (!=97.000 ± 2.186).    
The habitat by season interaction was significant (F1, 32=4.299, P=0.046) for 
GGTP.  GGTP differed (F1, 18=11.184, P=0.004) in unburned habitat between seasons 
with levels higher in summer (!=46.6 ± 8.6) than winter (!=24.5 ± 3.3).  In winter, GGTP 
levels differed (F1, 18=4.863, P=0.041) between habitats with levels higher in burned 
(!=28.2 ± 4.3) than unburned habitat (!=24.5 ± 3.3).   
The habitat by season by year interaction for glucose (F1, 32=4.267, P=0.047) and 
magnesium (F1, 32=7.499, P=0.010) was significant In 2003 in burned habitat, glucose 
(F1, 7=8.571, P=0.022) and magnesium (F1, 7=9.347, P=0.018) levels differed between 
seasons with levels greater in winter (glucose: !=423.800 ± 165.762; magnesium: !=3.20 
± 0.274) than summer (glucose: !=118.400 ± 23.564; magnesium: !=2.460 ± 0.117).  In 
winter in burned habitat, glucose levels differed (F1, 7=14.490, P=0.007) between years 
with levels greater in 2003 (!=423.800 ± 165.762) than 2002 (!=110.800 ± 17.525).   
MULE DEER HEPATIC MINERALS AND METALS 
 The covariate and season interaction was significant (F1, 29=12.782, P=0.001) for 
cadmium.  The plot of cadmium levels vs. age was examined, and cadmium levels could 
not be distinguished between seasons; therefore, cadmium levels could not be analyzed 
further.   
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 There were no significant main effects (P > 0.05) for antimony, boron, calcium, 
iron, lead, magnesium, molybdenum, nickel, potassium, and thalium including: year, 
season, and habitat. There also was no variation in arsenic and thalium by year, season, or 
habitat.   
Season was significant for copper (F1, 32=14.477, P=0.001), phosphorus (F1, 
36=8.680, P=0.008), manganese (F1, 32=49.274, P<0.001), and zinc (F1, 36=5.231, 
P=0.044).   Copper and phosphorous levels were greater in winter than summer, and 
manganese and zinc levels were greater in summer than winter (Table 2.4).  
Barium, chromium, sulfur, and sodium levels differed Barium (F1, 32=10.027, P=0.003), 
chromium (F1, 36=6.489, P=0.023), sulfur (F1, 32=10.125, P=0.003), and sodium (F1, 
32=88.469, P<0.001) between years.   Barium and chromium levels were greater in 2003 
than 2002 (Table 2.5).  Sulfur and sodium levels were greater in 2002 than 2003 (Table 
2.5).     
The main effect of habitat was significant for manganese (F1, 32=12.974, P=0.001) 
and zinc (F1, 32=4.416, P=0.046). Manganese and zinc levels were greater in burned 
compared with unburned habitat (Table 2.6).   The season by year interaction was 
significant (F1, 32=6.238, P=0.018) for aluminum.  In winter 2002 (!=2.212 ± 1.261), 
aluminum levels were higher (F1, 18=23.262, P<0.001) than winter 2003 (!=0.218 ± 
0.119).  The habitat by season interaction for cobalt (F1, 32=7.781, P=0.009) and selenium 
(F1, 32=4.586, P=0.040) was significant.  Habitat by season interactions were not 
significant (P > 0.05) for cobalt.  In unburned habitat, selenium levels were greater (F1, 
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18=5.778, P=0.027) in summer (!=0.907 ± 0.104) than winter (!=0.599 ± 0.101).  In 
summer, selenium levels were greater (F1, 17=16.237, P=0.001) in unburned (!=0.907 ± 
0.104) than burned (!=0.455 ± 0.052) habitat. 
MULE DEER PARASITES AND SEROLOGICAL EVIDENCE OF DISEASE 
 Fifty-two MD (including fawns and adults, males and females) was collected 
from 2002–2003 of which 26 were collected from the burn and 26 outside of the burn.  
Two of 26 (7.7%) MD collected from the unburned habitat were positive for EHD while 
none from the burn were positive (Table 2.7).   The total prevalence of EHD in MD was 
4%.  Six of 26 (23.1%) MD collected from burned areas had positive titers for BVDV 
type I, while 8 of 26 (30.8%) of those collected in unburned habitat had positive titers 
(Table 2.7).  Total prevalence of BVDV type 1 was 27% in MD in the SBH.  Mule deer 
from winter 2002 were not tested for BVDV type II, but of the remaining mule deer 1 of 
18 (5.6%) from the burn and 2 of 16 (12.5%) from unburned habitat had positive titers 
(Table 2.7).  The total prevalence of BVDV type II in MD in the SBH was 9%.  In 
summer 2003, I tested the 10 mule deer does collected for WNV; 1 of 5 (20%) mule deer 
in the burn and 2 of 5 (40%) in the unburn had positive titers for WNV (total prevalence= 
30%).  Immunohistochemistry was performed on the 3 MD brainstems for WNV, and all 
3 were negative (Table 2.7).  No MD tested positive for CWD, JD, or BT (Table 2.7), and 
all lymph nodes of MD examined were normal and contained no gross lesions inclement 
of TB (Table 2.7).   
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The nasal/pharyngeal bot fly larvae collected from MD were identified as 
Cephenemyia jellisoni.  In summer, 1 of 20 MD were infected with nasal bots; the deer 
contained 6 larvae.  The infected MD female was collected from burned habitat.  In 
winter, 17 of 32 MD were infected with nasal bots; rate of infection were 1–55 larvae.  
Of the 17, 8 were from burned habitat, and infection rates were 1–33 larvae.  The 
remaining 9 were from MD in unburned habitat, and infection rates were from 2–55 
larvae (Table 2.7).  Taenia sp. were recovered from 16 of 43 (37.2%) of MD examined in 
the SBH.  Prevalence was 9 of 22 (40.9%) in unburned habitat and 7 of 21 (33.3%) in 
burned habitat.  Species of Taenia, identified based on number of proboscis hooks,  
included T. hydatigena and T. omissa.  Number of T. hydatigena cystercerci was 1–31, 
and number of T. omissa was 7.  No giant liver flukes (Fasciola magna) or meningeal 
worms (Parelaphostrongylus tenuis) were found in any of the mule deer examined (Table 
2.7).     
WHITE-TAILED DEER SERUM CHEMISTRY  
Year, season, and habitat were not significant (P > 0.05) for AST packed cell 
volume, CPK (CK), serum calcium, and globulin.  Chloride (F1, 32=23.938, P<0.001) and 
magnesium (F1, 32=10.354, P=0.003) levels differed between seasons.  Chloride and 
magnesium levels were greater in winter than summer (Table 2.8).  Phosphorous did not 
differ (P > 0.05) by season.  Chloride (F1, 32=50.064, P<0.001) and phosphorus (F1, 
32=6.253, P=0.018) levels differed between years.  Chloride and phosphorous levels were 
greater in 2003 than 2002 (Table 2.9).  GGTP did not differ (P > 0.05) by years, and 
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chloride, total bilirubin magnesium, creatinine, phosphorous, albumin, sodium, and 
potassium did not differ (P>0.05) by habitat.   
The season by year interaction was significant for total bilirubin (F1, 32=4.862, 
P=0.035), creatinine (F1, 32=19.265, P<0.001), albumin (F1, 32=5.915, P=0.021), sodium 
(F1, 32=33.048, P<0.001), and potassium (F1, 32=24.572, P<0.001).  In summer, total 
bilirubin (F1, 16=8.924, P=0.009), albumin (F1, 16=55.148, P<0.001), creatanine (F1, 
16=26.920, P<0.001), potassium (F1, 16=8.633, P=0.010), and sodium (F1, 16=18.897, 
P<0.001) levels differed between years.  Levels of total bilirubin, albumin, and sodium 
levels were greater in 2003 (total bilirubin: !=0.767 ± 0.160; albumin: !=3.511 ± 0.102; 
sodium: !=144.500 ± 1.373) than 2002 (total bilirubin: !=0.370 ± 0.045; albumin: 
!=2.580 ± 0.053; sodium: !=126.300 ± 2.216).  Creatinine and potassium levels 
decreased from 2002 (creatinine: !=1.470 ± 0.068; potassium: !=20.880 ± 1.564) to 2003 
(creatinine: !=1.067 ± 0.029; potassium: !=9.986 ± 0.728). In winter, potassium (F1, 
19=8.451, P=0.009) and sodium (F1, 19=9.797, P=0.006) levels differed between years.  
Potassium levels were greater in 2003 (!=33.667 ± 4.398) than 2002 (!=24.285 ± 2.066) 
and sodium levels were greater in 2002 (!=132.491 ± 3.106) than 2003 (!=120.527 ± 
4.636).  Total bilirubin levels also differed (F1, 18=8.868, P=0.008) in 2002 with levels 
greater in winter (!=0.709 ± 0.126) than summer (!=0.370 ± 0.045).  In 2002, albumin 
levels also differed (F1, 18=7.011, P=0.016) between seasons, with levels greater in winter 
(!=2.755 ± 0.256) than summer (!=2.580 ± 0.053).  In 2002, creatinine levels were 
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greater (F1, 18=52.947, P<0.001) in winter (!=2.385 ± 0.070) than summer (!=1.470 ± 
0.068).  In 2003, potassium differed (F1, 17=97.052, P<0.001) between seasons, with 
levels greater in winter (!=33.667 ± 4.398) than summer (!=9.986 ± 0.728).  That pattern 
also was observed in 2003 for creatinine, with levels greater (F1, 17=45.898, P<0.001) in 
winter (!=3.273 ± 0.513) than summer (!=1.067 ± 0.029). The opposite trend was 
observed in 2003 for sodium, with levels greater (F1, 17=45.161, P<0.001) in summer 
(!=144.500 ± 1.373) than winter (!=120.527 ± 4.636).      
 The habitat by season interaction was significant (F1, 31=16.393, P<0.001) for 
GGTP.  GGTP levels in burned habitat differed (F1, 16=7.599, P=0.014) between seasons 
with levels greater in winter (!=72.600 ± 20.434) than summer (!=34.000 ± 2.713).  The 
opposite was observed in unburned habitat; levels were greater (F1, 18=9.565, P=0.006) in 
summer (!=96.100 ± 33.321) than winter (!=39.818 ± 3.585).  In summer, levels were 
greater (F1, 16=16.796, P=0.001) in unburned (!=96.1 ± 33.321) compared with burned 
(!=34.000 ± 2.713) habitat.   
 The habitat by season by year interaction was significant for glucose(F1, 32=6.501, 
P=0.016), total protein (F1, 32=4.747, P=0.037), and BUN (F1, 32=6.645, P=0.015) 
respectively).  Glucose levels differed (F1, 8=7.008, P=0.029) in winter 2002 with levels 
greater in burned (!=164.167 ± 36.290) than unburned (!=65.200 ± 11.324) habitat.  In 
summer 2003, glucose levels were greater (F1, 6=12.618, P=0.012) in burned (!=181.750 
± 48.873) than unburned (!=81.8 ± 6.351) habitat.  In summer 2003, total protein levels 
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differed (F1, 6=7.765, P=0.032) between habitats, with levels greater in unburned 
(!=6.760 ± 0.112) than burned (!=5.900 ± 0.303) habitat. Total protein levels also 
differed (F1, 7=15.680, P=0.005) in unburned habitat in summer between years, with 
levels greater in 2003 (!=6.760 ± 0.112) than 2002 (!=5.600 ± 0.253).  In summer of 
2002, BUN levels differed (F1, 7=15.890, P=0.005) between habitats with levels greater in 
burned (!=26.8 ± 0.970) than unburned (!=15.8 ± 2.223) habitat.  In burned habitat in 
2002, levels differed (F1, 8=17.101, P=0.003) between seasons, with levels greater in 
summer (!=26.800 ± 0.970) than winter (!=12.667 ± 3.073).  A similar trend was 
observed in unburned habitat in 2003 with levels greater (F1, 8=8.375, P=0.020) in 
summer (!=19.000 ± 0.837) than winter (!=9.833 ± 2.212).    
WHITE-TAILED DEER HEPATIC MINERALS AND METALS 
The main effect and covariate interaction was significant for selenium (F1, 
30=6.089, P=0.020) between habitats, chromium (F1, 30=4.707, P=0.038) between years, 
and aluminum (F1, 30=12.831, P=0.001) between seasons. Plots of selenium levels vs. 
age, chromium levels vs. age, and aluminum vs. age were examined, and values could not 
be distinguished for main effects; therefore, data could not be analyzed further.  There 
were no main or interactive effects that were significant (P > 0.05) for antimony, 
cadmium, cobalt, potassium, and thalium.  There was no variation for arsenic, lead, and 
mercury.  
 
 
 
   57
 
Calcium (F1, 33=12.009, P=0.001), iron (F1, 33=4.336, P=0.045), nickel (F1, 
33=4.431, P=0.043), phosphorus (F1, 33=10.461, P=0.003), copper (F1, 33=9.535, 
P=0.004), manganese (F1, 33=84.088, P<0.001), molybdenum (F1, 33=49.822, P<0.001), 
and zince (F1, 33=9.544, P=0.004) differed between seasons.  Calcium, iron, phosphorous, 
and copper levels were greater in winter than summer (Table 2.11).  Manganese, 
molybdenum, zinc, and nickel levels were greater in summer than winter (Table 2.11).  
Barium, boron, chromium, selenium, sodium, and sulfur did not differ (P > 0.05) by 
seasons.       
Barium (F1, 33=16.082, P<0.001), boron (F1, 37=6.671, P=0.023), selenium (F1, 
37=8.925, P=0.005), sodium (F1, 33=15.667, P<0.001), sulfur (F1, 33=6.457, P=0.016), and 
copper (F1, 33=8.080, P=0.008) differed between years.  Barium, selenium, and copper 
levels were greater in 2003 than 2002 (Table 2.12). Boron, sodium, and sulfur levels were 
greater in 2002 than 2003 (Table 2.12).  Aluminum, calcium, iron, manganese, 
molybdenum, nickel, phosphorous, and zinc did not differ (P > 0.05) by years.  
Zinc levels differed (F1, 33=4.518, P=0.041) between habitats with levels greater 
in burned than unburned habitat (Table 2.13).  Aluminum, barium, boron, calcium, 
chromium, copper, iron, manganese, molybdenum, nickel, phosphorous, sodium, and 
sulfur did not differ (P > 0.05) by habitat. 
  The habitat by season by year interaction was significant (F1, 33=5.037, P=0.032) 
for magnesium.  In unburned habitat 2003, magnesium levels were greater (F1, 8=14.167, 
P=0.006) in winter (!=209.667 ± 9.127) than summer (!=176.400 ± 2.943).  In unburned 
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habitat in summer levels were greater (F1, 7=16.244, P=0.005) in 2002 (!=189.600 ± 
1.806) compared to 2003 (!=176.400 ± 2.943).   
WHITE-TAILED DEER PARASITES AND SEROLOGICAL EVIDENCE OF 
DISEASE 
 Forty-five WTD (including fawns and adults, males and females) were collected 
from 2002-2003 of which 23 were collected from the burn and 22 were collected outside 
of the burn.  Five of 21 (23.8%) WTD collected from burned habitat had positive titers 
for BVDV type I, while 2 of 21 (9.5%) in unburned habitat had positive titers (Table 
2.14).  Total prevalence of BVDV type I in WTD in the SBH was 17%.  White-tailed 
deer from winter 2002 were not tested for BVDV type II, but of the remaining deer, 1 of 
15 (6.7 %) WTD from the burn and 3 of 16 (18.8%) from the unburn had positive titers 
(Table 2.14).  Total prevalence of BVDV type II was 13% in WTD in the SBH.  In 
summer 2003, I tested blood from 9 WTD for WNV; none had positive titers (Table 
2.14).  No WTD tested positive for CWD, JD, EHD, or BT (Table 2.14), and all lymph 
nodes examined were normal and contained no gross lesions inclement of TB (Table 
2.14). 
The nasal/pharyngeal bot fly larvae collected from WTD in the SBH were 
identified as Cephenemyia jellisoni.  Four of 20 WTD were infected with nasal botflies in 
summer with 2–20 larvae.  Two of the 4 infected WTD were from burned habitat with 2–
20 larvae; the remaining two WTD were from unburned habitat with 2–11 larvae (Table 
2.14).  In winter, 3 of 25 WTD were infected with nasal botflies; infections ranged from 
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3–9 larvae.  Two of the infected WTD in winter were in burned habitat with 3–9 larvae; 
the remaining 1 WTD was from unburned habitat had 8 larvae (Table 2.14).   
Taenea sp. were recovered from 4 of 35 (11.4%) WTD collected in the SBH.  
Species have not been identified, but T. hydatigena and T. omissa were recovered from 
sympatric MD.  No liver flukes or meningeal worms were found in any of the WTD 
examined (Table 2.14).     
DISCUSSION 
EFFECTS OF BURNING ON SERUM CHEMISTRY 
Serum, or BUN, is the most frequently used index for determining protein status 
in ungulates (Brown et al. 1995).  Studies indicate that high quality diets elevate BUN 
concentrations in free-ranging and captive WTD (Seal et al. 1972, Bahnak 1979, Osborn 
1994).  Greater BUN in WTD in the SBH in burned compared with unburned habitat in 
summer may indicate a high quality diet in burned habitat.  However, some controversy 
of BUN exist. Kie et al. (1983) reported that higher BUN levels were associated with 
poor condition, whereas Seal et al. (1983) reported an increase in serum urea nitrogen 
with an increase in dietary protein.  Low BUN levels may reflect a lower availability of 
protein in the diet (Seal et al. 1972). If protein levels in the diet are below maintenance 
levels, muscle tissue may be catabolized, elevating BUN (Hebert 1978).     
Propionic acid, produced from dietary carbohydrates, is subject to glucogenesis 
and is a major source of glucose (Bergman 1970 as cited in Franzmann and LeResche 
1978).  According to Jenks et al. (1991), few studies have found differences in glucose 
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concentrations that could be directly attributed to animal condition, and they proposed 
glycosylated hemoglobin as a stable alternative.  Seal et al. (1972) reported that levels of 
serum glucose were not influenced by season or diet but were widely variable reflecting 
sensitivity to handling stress.  In Alaskan moose (Alces alces), blood glucose levels 
increased with improved intake, likely associated with greater intake of carbohydrates 
(Franzmann and LeResche 1978).  Higher condition classes in Alaskan moose were 
correlated with higher total protein levels (Franzmann and LeResche 1978).  Serum 
glucose levels in WTD in the SBH were greater in burned compared to unburned habitat 
in both winter 2002 and summer 2003, likely indicating greater intake of carbohydrates 
and perhaps higher condition in burned compared with unburned habitat.  In winter, 
GGTP in MD differed with levels higher in burned than unburned habitat.  Conversely, 
GGTP levels in summer in WTD were higher in unburned habitat than burned habitat.   
EFFECTS OF YEAR ON SERUM CHEMISTRY 
According to LeResche et al. (1974), calcium and phosphorous may be useful 
indicators for assessing nutritional condition in ruminants.  In moose, blood calcium and 
phosphorous increased with improved condition (Franzmann and LeResche 1978).   
Serum phosphorous and calcium levels in WTD and MD, respectively, in the SBH 
increased from 2002 to 2003.  Higher phosphorous levels in 2003 may indicate a 
paralleled increase in both deer condition and vegetation quantity and diversity from 
2002 to 2003.   
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Bilirubin is formed from the breakdown of hemoglobin molecules and newly 
formed (unconjugated) bilirubin.  Unconjugated bilirubin circulates in the blood, bound 
nonpermanently to serum albumin (Ravel 1989).   In summer, serum albumin and 
bilirubin levels increased from 2002 to 2003 in WTD and MD.  The paralleled response 
of serum albumin and bilirubin in MD and WTD may be explained by the binding of the 
2 proteins.  Waid and Warren (1984) reported that total protein in WTD in Texas was 
correlated with globulin and crude protein but not albumin.  In the SBH, it seems that 
total protein, albumin, and total bilirubin responded in a similar manner, with levels 
higher in 2003 than in to 2002 in both MD and WTD.  On the other hand, serum globulin 
was greater in 2002 than in to 2003 in MD.  Waid and Warren (1984) stated that 
depressed albumin levels could be due to the effects of globulin levels on albumin 
synthesis.  This may explain the variation in albumin and globulin levels in MD between 
years.      
Sams et al. (1998) reported that serum creatinine levels were greater in white-
tailed deer at high densities compared with those from reduced density herds.  Serum 
creatinine levels in summer in MD and WTD in the SBH significantly decreased from 
2002 to 2003. With increase in vegetation quality and quantity from 2002 to 2003, more 
suitable habitat for deer may have been established, allowing concentrated deer 
populations in 2002 to use more areas in 2003.  Although serum creatinine decreased in 
summer from 2002 to 2003, concentrations in both MD and WTD in winter were greater 
in 2003 than in 2002.  Snow depth in early winter of 2003 was greater than snowfall in 
early winter of 2002.  This may have concentrated deer into habitat pockets with lesser 
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snow depths for thermoregulation and forage accessibility.  Sams et al. (1998) also 
reported that serum chloride concentrations in WTD were greater in deer from reduced 
density deer herds compared with those from high-density deer herds. In the SBH, 
chloride levels in WTD and MD were greater in 2003 than 2002 further supporting my 
hypothesis of reduced density, due to greater habitat availability, in 2003 compared with 
2002.    
EFFECTS OF SEASON ON SERUM CHEMISTRY 
In deciduous plant species when leaves are dropped in autumn, levels of several 
nutrients associated with the succulent or leafy stage decline, while dry matter and fiber 
content increase (Short et al. 1966).  Short et al. (1966) stated that the advantage of 
evergreen (e.g., Juniperus scopulorum) over deciduous browse may be associated with 
decreased seasonal variation in nutrient levels content in evergreen species.  Due to the 
effect of plant fiber on forage digestibility, winter nutrient levels in evergreen species, 
which are readily available and higher than that of deciduous species (Short et al. 1966).  
Hippensteel (2000) reported that about 40% of the diet of WTD in the central Black Hills 
(CBH) was composed of pine needles.  Although pine needles may be considered a poor 
diet (Hippensteel 2000), perhaps winter consumption provides elevated nutrients than 
that available in deciduous browse.  Consumption of pine needles also may be an index to 
forage availability (Jenks et al. 1996). 
Bahnak et al. (1979) found that captive WTD on high protein–moderate energy 
diets (16.2% crude protein, 2,800 cal/g metabolizable energy) exhibited little change in 
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BUN throughout the year, but females on low protein–low energy diets (6.6% crude 
protein, 2,520 cal/g metabolizable energy) exhibited a decline in BUN throughout the last 
2/3 of pregnancy with lowest levels achieved at peak lactation.  BUN levels in WTD and 
MD in the SBH were higher in summer than winter.  Interpretation of BUN levels must 
be used with caution. Elevated BUN levels have been attributed to high levels of nutrition 
(Seal et al. 1972, Bahnak et al. 1979), low dietary energy (Kirkpatrick et al. 1975), poor 
quality diets (deCalesta et al. 1975, Bahnak et al. 1979), or catabolism of existing protein 
(Kie et al. 1983). Hippensteel (2000) noted that BUN levels in WTD in the CBH were 
higher in summer than winter (Hippensteel 2000).  Conversely, Osborn (1994) reported 
that greater BUN levels in WTD in the NBH were higher in winter than summer.   
There were no seasonal differences in eviscerated body weight in MD in the SBH, 
and eviscerated body weights of WTD in 2002 in the SBH were greater in summer than 
winter (Chapter 1).  Lack of seasonal variation in eviscerated body weights may have 
indicated that deer in the SBH were maintaining a relatively stable protein status 
throughout the year; therefore, higher levels of nutrition in summer than winter likely 
explains higher BUN levels.   
Creatinine levels in MD and WTD in the SBH were higher in winter than 
summer.  Waid and Warren (1984) reported greater serum creatinine levels in August 
compared with January in WTD in Texas, and Delgiudice et al. (1992) reported highest 
and lowest concentrations in October and July, respectively, in WTD in Minnesota.  
Delgiudice et al. (1992) attributed seasonal fluctuation in creatinine to the parallel trends 
of muscle mass associated with weight loss and gain.  Kie et al. (1983) reported 
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decreasing creatinine levels with age in adult deer.  Greater creatinine levels in MD and 
WTD in winter may be attributed to greater population densities during those months.  
Female MD and WTD in the SBH selected habitat with greater canopy cover and more 
surface ground litter for bedding locations compared with feeding and random locations 
(Dubreuil 2003).  Male and female WTD and MD also consistently bedded and fed at 
higher slope positions and areas with greater percent slope.  Dubreuil (2003) and 
DePerno (1998) hypothesized that winter feeding and bedding selection was based on 
human/predator avoidance coupled with needs of thermoregulation.  With reductions in 
the overstory canopy due to the Jasper fire, these specific requirements may have been 
limited for deer in the SBH.  This may have congregated individuals into small pockets of 
preferred habitat, thereby increasing density-related physiology in winter such as 
creatinine levels.        
Magnesium absorption in ruminants is higher from preserved than succulent 
forages (Kincaid 1988).  Anderson et al. (1972) reported no seasonal variation in serum 
magnesium in MD in Colorado.  In burned habitat in 2003, magnesium levels in MD 
were higher in winter than summer; WTD levels also were greater in winter than 
summer. Short et al. (1966) reported that magnesium concentrations in MD forage in 
Colorado increased from winter to a summer high. 
Potassium concentrations, especially in grasses, tend to decrease with maturation 
with lower levels in winter than summer (Jones and Hanson 1985).   Mean levels of 
potassium in most forage species of MD peaked in summer with lowest levels during 
autumn and winter (Short et al. 1966, Anderson et al. 1972).  Waid and Warren (1984) 
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reported no seasonal variation in serum potassium in WTD in Texas, but Anderson et al. 
(1972) reported highest means of serum potassium in spring and summer in MD.  
Potassium levels in WTD in the NBH were significantly greater in summer than winter 
(Osborn 1994), but in the CBH potassium levels were greater in winter than summer 
(Hippensteel 2000).  In 2003, potassium levels in MD and WTD in the SBH were higher 
in winter than summer.   
Sodium retention may be reduced by consumption of succulent forages that 
contain excessive potassium and water (Robbins 1983).  No seasonal variation in serum 
sodium was noted in MD in Colorado (Anderson et al. 1972).  Sodium levels in WTD in 
2003 in the SBH were higher in summer than winter; sodium levels also were greater in 
summer than winter in MD.  There was no seasonal variation in sodium levels in WTD in 
the NBH and CBH (Hippensteel 2000, Osborn 1994).  Sodium concentration in forage of 
MD in Colorado increased from winter to summer (Short et al. 1966).  Waid and Warren 
(1984) reported no serum sodium variation between January and August in WTD in 
Texas.  Terrestrial plants require sodium; therefore, sodium requirements in herbivores 
are satiated through geophagy and water consumption (Robbins 1983). Jones and Weeks 
(1985) found that earth licks in south central Indiana contained higher sodium and 
calcium.  Higher sodium concentrations have been found in snow samples and plants in 
close proximity to highways in which sodium had been applied in winter (Pletscher 1985, 
Pletscher 1987).  Pletscher (1985) proposed that WTD in north-central New Hampshire 
acquired their dietary sodium requirements by ingestion of road salt runoff, plants 
influenced by the runoff, and aquatic plants.  Sodium requirements also increase with 
 
 
 
   66
 
reproduction, because sodium is required for fetal growth and milk production (Robbins 
1983).  According to Ravel (1989), chloride frequently responds in the same manner as 
sodium.  Chloride and sodium levels responded in the same manner in MD in 2003, 
where both chloride and sodium levels were greater in summer than winter.  Conversely, 
in MD in 2002 and in WTD in 2002 and 2003 chloride levels were greater in winter than 
summer.   
Calcium and phosphorous account for nearly 50% of the ash of milk, and during 
lactation, there is a depletion of mineral reserves in females (Short 1981).  Franzmann 
and LeResche (1978) reported seasonal variation in serum calcium in moose, with levels 
lowest in early winter; they hypothesized that low serum calcium levels in early winter 
corresponded with reduced amounts of daylight during winter.  Reduced daylight would 
lead to decreased levels of vitamin D, which apart from dietary intake of calcium is the 
second most important factor in regulating absorption of calcium (Simeson 1970 as cited 
in Franzmann and LeResche 1978).   Franzmann and LeResche (1978) expected greater 
availability of calcium and phosphorous during summer (i.e., season with greater forage 
availability) in Alaskan moose.  Jones and Hanson (1985) reported that calcium in forage 
tends to increase with plant maturity.  Calcium in MD forage in Colorado in spring and 
summer, with a decrease in autumn (Short et al. 1966).  Serum calcium levels in WTD 
and MD did not differ between seasons in the SBH.   Similarily, Klinger et al. (1986) 
found no seasonal variation in calcium or albumin in white-tailed deer in Kansas.  
Anderson et al. (1972) and Waid and Warren (1984) found no seasonal variation in 
calcium in MD in Colorado or WTD in Texas, respectively.   
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About one-half of serum calcium is bound to protein, primarily albumin 
(Cardielhace 1971 as cited in Franzmann and LeResche 1978).  In 2002, albumin levels 
in MD and WTD in the SBH were higher in winter than summer. Waid and Warren 
(1984) also reported greater serum albumin levels in January than in August in WTD in 
Texas, with levels increasing during gestation and decreasing after parturition.  Elevation 
in serum albumin is unusual except in the case of dehydration (Ravel 1989).   
Albumin and globulin are the 2 major protein fractions of total protein (Waid and 
Warren 1984); therefore, variation in albumin is often associated with a change in total 
protein (Franzmann and LeResche 1978).  Total protein levels in MD in the SBH 
reflected those changes observed in albumin levels with levels greater in winter than 
summer in 2002.  Female MD, in north-central Colorado did not exhibit seasonal 
fluctuations in mean total serum protein (Anderson et al. 1972a).  Change in total protein 
levels observed in MD was not documented in WTD in the SBH.  Bahnak (1979) also 
found relatively uniform total serum protein in captive white-tailed deer throughout the 
year.  Total protein levels in WTD in Texas were not correlated with albumin but were 
correlated with globulin and crude protein (Waid and Warren 1984).  Crude protein 
content of browse was generally higher than in forbs in south Texas (Everitt and 
Gonzalez 1981), and Short et al. (1966) documented higher protein content of MD forage 
in Colorado in summer than winter.  Franzmann and LeResche (1978) reported greater 
total protein levels in summer/fall compared with all other seasons in Alaskan moose.  
Total protein in WTD in Texas did not differ between January and August, although 
levels increased through gestation and decreased after parturition (Waid and Warren 
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1984).  Total bilirubin levels in WTD and MD differed in 2002 between seasons, with 
higher levels in winter than summer.  
Franzmann and LeResch (1978) reported that PCV was the best single parameter 
for condition assessment in Alaska moose.  Delguidice et al. (1992) reported greater PCV 
in winter compared to summer and attributed the seasonal variation to hemoconcentration 
that accompanies seasonal dehydration and decreased plasma volume.  There was no 
seasonal variation in PCV in MD and WTD in the SBH.   Bahnak et al. (1979) found 
seasonal variation in PCV of captive white-tailed deer females, on high and low quality 
diets, with levels higher in the winter.  Osborn (1994) reported higher PCV levels in 
winter than summer in WTD in the NBH, while Hippensteel (2000) reported higher PCV 
levels in summer than winter in WTD in the CBH.   
EFFECTS OF FIRE ON HEPATIC ELEMENTS 
Levels of major and trace element in the liver of WTD and MD in the Black Hills 
have not been reported; therefore, my primary purpose was to provide baseline data and 
document variation associated with fire, year, and season.  Comparisons were made only 
among adult female WTD and MD.  All of the hepatic mineral levels were within the 
range of those reported by Puls (1994) for Odocoileus sp.  
Gold was discovered in the Black Hills, by an expedition led by Lt. Col. George 
Armstrong Custer in June 1870.  There is concern that oil shale mining could release 
toxic levels of trace elements into the ecosystem (Stelter 1980).  Trace-element pollution 
may occur via airborn particles, leaching, percolation, or run-off of water from of 
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overburden and spent shale (Environmental Protection Agency 1977 as cited in Stelter 
1980).  Molybdenosis in livestock has been identified in 15 states and has been associated 
with strip-mine spoils (King 1984).  Air pollution, either locally or distantly, may 
contribute to the prevalence of heavy metals in natural terrestrial ecosystems (Frøslie et 
al. 1984).  Metal levels in WTD and MD in the SBH were within normal ranges for 
Odocoileus sp. (Puls 1994); therefore, there seems to be no toxic effects of mining on 
heavy metal accumulation in the livers of deer in the SBH.  
Manganese occurs in only trace amounts in animal tissue (Hurley and Keen 
1987), but concentrations are higher in the bones, liver, and kidney than to other organs.  
Variation in manganese is minimal among organs, species, or due to age (Hurley and 
Keen 1987).  Manganese levels in MD were greater in burned than unburned habitat.  
The greater manganese levels in burned habitat may be associated directly with greater 
manganese concentrations in plant biomass, because increases in potassium, 
phosphorous, zinc, copper, iron, and manganese in plant biomass were documented after 
burning in tall-grass prairie (Ohr and Bragg 1985).  Merrill et al. (1980) also reported 
higher manganese concentrations in perennial forbs and annual grasses in burned than 
unburned areas in a ponderosa pine/montane grassland habitat in Idaho.  In summer, 
selenium levels in MD were greater in unburned than burned habitat.  Fielder (1986) 
found the highest selenium concentration in grasses (i.e., bluebunch wheatgrass 
[Agropyron spicatum], and needlegrass [Stipa spp.] and conifers [i.e., ponderosa pine and 
Douglas fir [Pseudotsuga menziesii]]) along Lake Chelan, Washington.  The higher 
concentration of selenium in grasses and conifers, compared with forbs and shrubs, may 
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be a result of greater consumption of ponderosa pine in unburned compared with burned 
habitat in summer in the SBH (Chapter 4).     
EFFECT OF YEAR ON HEPATIC ELEMENTS 
Plant species, season, and stage of maturity affect mineral levels in plants 
(Kincaid 1988).  Effects of year on trace elements in deer may be correlated with  
successional stages following fire through variation in annual and perennial plant species.  
Sulfur and sodium in MD and WTD were greater in 2002 than 2003.   Elevated forage 
sulfate affects availability of copper by forming cupric sulfide in the rumen, thereby 
depleting hepatic copper concentrations (Kincaid 1988).  Sulfur also affects uptake of 
selenium by rumen microorganisms and increases selenium excretion (Kincaid 1988).  
Boron levels in WTD were greater in 2002 than 2003.    Boron levels are greater in 
legumes than grasses, and fruits, such as rosehips (Rosa sp.), contain high levels boron 
(Nielsen 1986). Summer magnesium levels in WTD and winter aluminum levels in MD 
were greater in 2002 than 2003.  Magnesium levels in little bluestem (Schizachyrium 
scoparium), big bluestem (Andropogon gerardii), and indiangrass (Sorghastrum nutans) 
were greater 2 years post fire than 3 years post fire in tall-grass prairie (Ohr and Bragg 
1985) and were greater in grasses than legumes (Kincaid 1988).   
Barium levels in MD and WTD, chromium concentration in MD, and selenium 
and copper concentration in WTD were greater in 2003 than 2002.  Annual variation in 
selenium and copper in WTD may be an effect of decreased sulfur levels in 2003.  
Increased copper levels in WTD also may be due to increased levels of copper in annual 
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forbs 3 growing season post fire (Merrill et al.1980).  Kincaid (1988) also reported 
greater concentrations of copper in legumes than grasses.   
EFFECTS OF SEASON ON HEPATIC ELEMENTS 
 Weather patterns associated with seasonal changes affect the mineral content of 
forages resulting in variable availability of minerals via plant species to ruminants (Van 
Soest 1994).  Pregnant female elk (Cervus elaphus) entering the third trimester of 
pregnancy require greater copper levels (Gogan et al. 1989).  It is plausible that 
pregnancy can deplete copper reserves as a result of transfer to the fetus (Blakley et al. 
2000).  Copper also is readily absorbed when forage is dry, dietary protein is low, and 
gastrointestinal transit time is long (Puls 1994, Blakley et al. 2000).  Copper levels in MD 
and WTD in the SBH were greater in winter than summer. High levels in the liver copper 
in winter in the SBH may be due to the high copper requirement during pregnancy.  The 
liver is the primary storage site of absorbed copper, and levels are higher in those animals 
ingesting adequate dietary copper (Robbins 1983).   
Phosphorous levels in MD and WTD in the SBH also were greater in winter than 
summer.  Phosphorous levels in deer browse in the Black Hills were nearly twice as high 
in June/July as in January (Jones and Hanson 1985), but Pletscher (1987) reported that > 
30% of annual phosphorous cost in females was lost due to lactation.  Although 
phosphorous content in vegetation may be higher during summer, demands of lactation 
may deplete hepatic phosphorous reserves in summer if dietary phosphorous is 
inadequate.  Anderson et al. (1972) reported serum inorganic phosphorous levels in MD 
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highest in summer.  Anderson et al. (1972) also reported that mean levels of phosphorous 
in most plant species were highest in spring or summer.  Phosphorous is low in most fall 
and winter foods of WTD in south Texas (Everitt and Gonzalez 1981). 
The liver and spleen usually have the highest iron concentrations in the 
mammalian body, although individual variation in iron levels in the liver, kidney, and 
spleen can be high (Morris 1987).  Absorbed iron is retained with great tenacity, and the 
body has a limited ability to excrete iron.  Small amounts of iron are lost through urine 
and feces (Morris 1987).  Little is known of iron requirements of adult domestic sheep 
and cattle based on experiments (Morris 1987).  Morris (1987) speculated that solubility 
of the chemical form of iron affects availability of the element to ruminants.  Total iron 
content of an animal varies with age, sex, nutrition, state of health, and species (Morris 
1987). Despite the low content of iron in milk, lactation has some effect on iron loss 
(Morris 1987, Pletscher 1987).  The iron content of cow milk decreases throughout 
lactation (Robbins 1983).  For major browse species of deer in the Black Hills, Gastler et 
al. (1951) found higher percent composition of iron in winter than summer.   Iron levels 
in WTD in the SBH were greater in winter than summer; calcium levels in WTD also 
were greater in winter than summer.   With demands of lactation, coupled with lower iron 
composition in vegetation in summer, WTD in the SBH may be using hepatic iron 
reserves during summer.  Magnesium in WTD in unburned habitat in 2003 was greater in 
winter than summer.   
Percent of manganese in major deer foods in the Black Hills, were greater in 
winter than summer (Gastler et al. 1951).  Manganese and zinc levels in MD and WTD in 
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the SBH were greater in summer than winter.  In free-ranging herbivores, zinc content in 
the liver varies seasonally (Albl et al. 1977 and Anke et al. 1980 as cited in Robbins 
1983).  In unburned habitat, selenium levels in MD were higher in summer than winter.  
McDowell et al. (1995) found higher liver selenium levels in spring compared to the 
other seasons in WTD in southern Florida.  Soil ingestion increased concentrations of 
selenium and vitamin B12 in the plasma and liver of domestic lambs, but had no effects 
on concentrations of iron, manganese, zinc, or copper in the liver (Grace et al.  1996 as 
cited in Whitehead 2000).  Nickel and molybdenum levels in WTD also were greater in 
summer than winter.        
DISEASE AND PARASITES 
Hemorrhagic disease, the disease caused by both bluetongue and EHD viruses, 
has been associated with mortality in North American ungulates and is vectored by 
midges (Culicoides sp.) (Howerth 2001).  Frequency of hemorrhagic disease decreases,  
but the probability of mortality increases with latitude (Howerth 2001).  Since 1952, 
widespread outbreaks of confirmed and presumptive epizootic hemorrhagic disease have 
been reported throughout South Dakota (Reed and Shave 1976), although Richardson and 
Petersen (1972) documented that EHD had not been observed in the Black Hills.  
Seropositive titers for EHD occurred in 2 of 52 (4%) of MD in the SBH.  Mortality of an 
EHD outbreak in 1952 was estimated to be 60% of the white-tailed deer population in 
western South Dakota (Richardson and Petersen 1972). In western Nebraska, 30% and 
27% of MD and WTD, respectively, tested positive for antibodies to EHD (Johnson et al. 
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1986).  I found no evidence or seropositive titers suggestive of exposure to bluetongue in 
WTD and MD, or EHD in WTD in the SBH.  Johnson et al. (1986) found antibodies to 
bluetongue virus in 24% of WTD and MD populations in western Nebraska  
A noncytopathic type 1a bovine viral diarrhea virus was isolated from a yearling 
female MD from northwestern Wyoming (Van Campen et al. 2001).  According to Van 
Campen et al. (2001), MD exposure to BVDV in Wyoming was common but animals 
survived infection. Although experimentally infected cervids seldom develop clinical 
signs of the disease, they become viremic, shed the virus in nasal secretions, and develop 
antibodies to the virus (Van Campen et al. 1997).  Serum neutralizing titers to BVDV 
also were reported from a population of MD in Pinedale, Wyoming (Van Campen et al. 
2001).  Serum neutralizing titers for BVDV type I and II occurred in MD and WTD in the 
SBH.  Prevalences of positive titers for BVDV type I were 27% and 17% in MD and 
WTD, respectively, while the prevalences of BVDV type II were 9% and 13% in MD and 
WTD, respectively.  Cattle and deer occur sympatrically seasonally in the SBH.  It is 
unknown whether BVDV transmission between domestic livestock and deer occurs, but 
transmission is possible because of sharing of forage and water sources (Van Campen et 
al. 2001).     
Chronic wasting disease was first recognized in 1967 in captive MD in Colorado 
(Williams and Young 1980).  Since then, the disease has been diagnosed in free-ranging 
cervids in Colorado, Wyoming, Nebraska, South Dakota, Illinois, New Mexico, Utah, 
Wisconsin, and Saskatchewan (Chronic Wasting Disease Alliance 2004).  The first case 
of chronic wasting disease in South Dakota occurred in a WTD in the Black Hills in 1997 
 
 
 
   75
 
(Jacques et al. 2003). To date, the disease has been confirmed in 22 individuals including 
elk, MD, and WTD throughout the Black Hills (S. L. Griffin, South Dakota Game, Fish 
and Parks, Rapid City, South Dakota, unpublished data).  Despite its distribution in the 
Black Hills, CWD was not found in WTD or MD tested in my study.   
Paratuberculosis, or Johne’s disease, has been documented in domestic ruminants 
and farmed red deer (Cervus elaphus), but it is not problematic for free-ranging wildlife 
(Williams 2001).  Despite its rarity in free-ranging wildlife, clinical disease of 
paratuberculosis has been reported in Rocky Mountain bighorn sheep (Ovis canadensis) 
in Colorado and Wyoming (Williams et al. 1979), mountain goats (Oreamnos 
americanus) in Colorado (Williams et al. 1979), and feces from clinically healthy, free-
ranging WTD (Chiodini and Can Kruiningen 1983).  Experimental infection has occurred 
in WTD and MD (Williams et al. 1983).  I found no evidence of paratuberculosis 
infection or titers in WTD and MD in the SBH.   
Bovine tuberculosis is caused by the bacterium Mycobacterium bovis.  Jacques et 
al. (2003) sampled heads of 401 elk, 1,638 WTD, and 207 MD harvested in 1998 and 
1999 for bovine tuberculosis, and failed to fin it in all 3 species in South Dakota.  I also 
found no gross lesions suggestive of TB in WTD and MD examined from the SBH.  
Titers for malignant catarrhal fever were found in WTD and MD in the SBH;  IHC was 
performed on the brainstem and results were negative for the disease.  Three mule deer 
had seropositive titers for WNV in the summer 2003.  IHC was performed on brainstem 
for WNV at the University of Wyoming; all 3 MD tested negative for the disease.    
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Cephenemyia jellisoni has been reported in MD and WTD in South Dakota with 
prevalence of 22.2% in WTD (Richardson and Petersen 1974, Reed and Shave 1976).  
Cephenemyia jellisoni and C. phobifera were recovered from WTD in Lawrence County 
in the northern Black Hills (Boddicker and Hugghins 1969).  Cephenemyia jellisoni was 
the only species of nasal bot fly larvae recovered from WTD and MD in the SBH.  This 
species is classified in the Oestridae family.  All members of the family have larval stages 
that are obligate parasites of mammals (Colwell 2001); C. jellisoni is specific to cervids 
(Anderson 1962).  Larvipositing females deposit packets of first instars toward the 
nose/mouth or eye region of the host (Colwell 2001).  The lavae then move toward the 
oral opening and into the nasal cavities of the host where they develop into second 
instars.  Second and third instar development usually takes place in the retropharyngeal 
pouches (Colwell 2001).   Larvae can cause problems for individuals, but result in limited 
mortaility to deer populations (Colwell 2001).   
Taenids are cestodes for which both the definitive host (carnivore or omnivore) 
and intermediate hosts (herbivore) are mammals (Jones and Pybus 2001).  Vegetation, 
which is contaminated by Taenid eggs from the definitive host, is consumed by the 
intermediate host.  The larvae move to the preferred site (i.e., mesentery, liver) within the 
herbivore and remain there until consumed by a carnivore (Jones and Pybus 2001).  
Taenia hydatigena has a cosmopolitan distribution in wild and domestic carnivores; the 
definitive host is usually canids and less frequently felids (Jones and Pybus 2001).  
Potential definitive hosts of the species found within the Black Hills may include 
domestic dog (Canis familiaris), coyote (C. latrans), red fox (Vulpes vulpes), mountain 
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lion (Puma concolor), and bobcat (Lynx rufus) (Jones and Pybus 2001).   The species also 
has a wide range of intermediate hosts including domestic livestock, MD, WTD, and elk 
(Jones and Pybus 2001).  Jones and Pybus (2001) stated that there are no significant ill 
effects from T. hydatigena in either the definitive or intermediate host.  Taenia 
hydatigena larva, or cysticerci, were recovered from WTD and MD in the SBH.  Taenia 
hydatigena has been reported in a MD fawn in South Dakota, although the location of the 
fawn was not reported (Reed and Shave 1976).  Richardson and Petersen (1974) reported 
T. hydatigena prevalence rates of 6.0% in WTD and 13.3% in MD in South Dakota.  
Taenia hydatigena was recovered in WTD in Lawrence County and in MD in Lawrence 
and Pennington counties in the Black Hills, South Dakota (Boddicker and Hugghins 
1969).  Pybus (1990) reported T. hydatigena in the liver of moose, MD, WTD, and elk in 
Alberta.  Although prevalence may be high (reaching 60–70%), intensity is usually low 
(<10 cystercerci) in intermediate hosts (Jones and Pybus 2001), although Mikjailova et al. 
(1983 as cited in Jones and Pybus 2001) reported mean intensities in moose < 26 
cystercerci.  I did recover 31 cysticerci from a 1.5-year-old female MD.   The highest 
number of T. hyadatigena cystercerci previously recovered from WTD and MD in South 
Dakota was 1 and 2, respectively (Boddicker and Hugghins 1969).  In winter, none of 25 
WTD contained Taenia sp. cysts.   
The definitive host of T. omissa is felids, with deer serving as the intermediate 
host (Jones and Pybus 2001).  In the Black Hills, this species would cycle through 
mountain lions or bobcats and both WTD and MD.  Seven T. omissa cysticerci were 
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recovered from a 1.5-year-old female MD in the SBH.  Pybus (1990) reported T. omissa 
in the lungs of MD in Alberta.   
  Jacques and Jenks (2003, 2004) reported meningeal worms in eastern and 
western South Dakota in WTD and in one MD in south central South Dakota.  There 
have been no reports of meningeal worm in deer or elk in the Black Hills.  Jacques and 
Jenks (2003a) also reported five species of gastropods in South Dakota that were known 
intermediate hosts of P. tenuis.  In addition, the 5 species were significantly greater in 
wetlands than mixed-grass or forested habitats.  Jacques and Jenks (2004) speculated that 
the Missouri River may act as a physical barrier to the westward expansion of P. tenuis in 
South Dakota, but Bindernagel and Anderson (1972) reported that there was no apparent 
barrier to stop the westward expansion of P. tenuis in Canada.  I found no evidence of P. 
tenuis presence in WTD or MD in the SBH.  This result may be due to the limited 
wetland habitat available in the SBH for intermediate hosts.   
Pybus (1990) reported giant liver flukes in adult male and female elk in the 
central mountains and foothills of Alberta.  Fascioloides magna need permanent or 
temporary water bodies with abundant snail population and emergent or submergent 
vegetation to complete its life cycle (Pybus 1990). Lack of F. magna in the SBH may be 
due to xeric condition (limited water bodies within the study area) and perhaps the 
absence of intermediate hosts.  Boddicker and Hugghins (1969) also reported absence of 
the giant liver fluke from WTD and MD surveyed in 1964 and 1965 throughout South 
Dakota.         
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Table 2.1.  Seasonal variation in serum chemistry of mule deer in the southern 
Black Hills, South Dakota, 2002–2003.  Symbols: ** covariate and main effect 
significant;*** significant main effect interactions. 
    Winter    Summer            
   !  SE  !  SE  P 
Chloride   95.619  1.162  96.800  1.753  *** 
  (MMOL/L) 
Glucose  225.857 46.053  142.500 17.297  *** 
  (mg/dl) 
Total bilirubin  0.567  0.080  0.370  0.042  *** 
  (mg/dl) 
Total protein  6.657  0.145  6.260  0.128  *** 
  (g/dl) 
Magnesium  2.899  0.100  2.500  0.058  *** 
  (mEq/L) 
Creatinine phosph- 4932.571 1986.867 3176.632 1764.049 0.598 
  okinase (IU/L) 
Calcium  8.638  0.196  8.865  0.210  0.433 
  (mg/dl) 
Gamma glutamyl 26.286  2.667  40.400  4.557  *** 
  transpeptidase (IU/L) 
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Table 2.1.  Continued.          
    Winter    Summer            
   !  SE  !  SE  P 
Aspirate amino- 216.952 66.395  174.250 37.562  ** 
  transferase (IU/L) 
Creatinine  2.186  0.113  1.065  0.049  *** 
  (mg/dl) 
Blood urea nitrogen 12.429  0.798  18.200  1.247  0.002 
  (mg/dl) 
Phosphorous  9.510  0.482  9.340  0.828  ** 
  (mg/dl) 
Albumin  3.200  0.071  2.940  0.131  *** 
  (g/dl) 
Globulin  3.448  0.127  3.320  0.111  0.737 
  (g/dl) 
Sodium  128.622 2.271  138.320 1.581  0.001 
  (mEq/L) 
Potassium  20.917  2.113  11.487  1.109  *** 
  (mEq/L) 
Packed cell   51.794  1.789  46.436  1.107  0.077 
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  volume (%) 
Table 2.2.  Annual variation in serum chemistry of mule deer in the southern Black Hills, South 
Dakota, 2002–2003.  Symbols: ** significant covariate and main effect interaction, *** 
significant main effect interactions.   
    2002    2003               
   !  SE  !  SE  P 
Chloride  92.286  0.873  100.300 1.424  *** 
  (MMOL/L) 
Glucose  152.667 18.693  219.350 48.213  *** 
  (mg/dl) 
Total bilirubin  0.443  0.073  0.500  0.063  *** 
  (mg/dl) 
Total protein  6.538  0.147  6.385  0.139  *** 
  (g/dl) 
Magnesium  2.722  0.073  2.685  0.113  *** 
  (mEq/L) 
Creatinine phosp- 5319.524 2340.944 2748.947 1061.698 ** 
  okinase (IU/L) 
Calcium  9.262  0.162  8.210  0.172  <0.001 
  (mg/dl) 
Gamma glutamyl 30.619  3.370  35.850  4.552  0.452  
 
 
  transpeptidase (IU/L) 
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Table 2.2.  Continued. 
    2002    2003               
   !  SE  !  SE  P 
Aspirate amino- 230.190 71.839  160.350 22.290  ** 
  transferase (IU/L) 
Creatinine  1.590  0.104  1.690  0.196  *** 
  (mg/dl) 
Blood urea nitrogen 15.571  1.420  14.900  0.957  0.922 
  (mg/dl) 
Phosphorous  8.905  0.454  9.975  0.828  0.424 
  (mg/dl) 
Albumin  2.929  0.120  3.225  0.078  *** 
  (g/dl) 
Globulin  3.600  0.127  3.160  0.087  0.002 
  (g/dl) 
Sodium  132.531 1.739  134.215 2.705  0.091 
  (mEq/L) 
Potassium  15.494  1.464  17.181  2.473  *** 
  (mEq/L) 
Packed cell   50.335  1.788  47.522  1.177  0.039 
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  volume (%) 
Table 2.3.  Variation in serum chemistry between burned and unburned habitats of mule deer in 
the southern Black Hills, South Dakota, 2002–2003. Symbols: ** significant covariate and main 
effect interaction, *** significant main effect interactions.   
    Burn    Unburn         
   !  SE  !  SE  P 
Chloride  94.900  1.659  97.429  1.232  0.126  
  (MMOL/L) 
Glucose  211.500 49.758  160.143 16.020  *** 
  (mg/dl) 
Total bilirubin  0.490  0.075  0.452  0.062  0.687 
  (mg/dl) 
Total protein  6.445  0.159  6.481  0.129  0.738 
  (g/dl) 
Magnesium  2.744  0.098  2.667  0.089  *** 
  (mEq/L) 
Creatinine phosph- 4748.579 1937.245 3510.333 1860.768 0.196 
  okinase (IU/L) 
Calcium  8.840  0.181  8.662  0.222  0.656 
  (mg/dl) 
Gamma glutamyl 31.200  2.526  35.048  4.963  ***  
 
 
  transpeptidase (IU/L) 
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Table 2.3.  Continued. 
    Burn    Unburn         
   !  SE  !  SE  P 
Aspirate amino- 188.100 40.176  203.762 65.291  ** 
  transferase (IU/L) 
Creatinine  1.675  0.171  1.605  0.138  0.826 
  (mg/dl) 
Blood urea nitrogen 16.550  1.368  14.000  1.002  0.066 
  (mg/dl) 
Phosphorous  10.130  0.825  8.757  0.438  0.224 
  (mg/dl) 
Albumin  3.125  0.088  3.024  0.122  0.562 
  (g/dl) 
Globulin  3.320  0.139  3.448  0.099  0.095 
  (g/dl) 
Sodium  130.180 2.891  136.374 1.103  0.255 
  (mEq/L) 
Potassium  19.036  2.478  13.728  1.227  0.145 
  (mEq/L) 
Packed cell   50.964  1.225  46.783  1.853  0.251 
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  volume (%) 
Table 2.4.  Seasonal variation in hepatic assays (ppm) of mule deer in the southern Black Hills, 
South Dakota, 2002–2003.  Symbols: --no variation in assay, *** significant main effect 
interactions.   
   Winter              Summer     
  !  SE  !  SE  P 
Aluminum 1.262  0.685  0.637  0.123  *** 
Antimony 0.000  0.000  0.017  0.017  0.603 
Arsenic 0.000  0.000  0.000  0.000  -- 
Barium 0.088  0.012  0.087  0.010  0.461 
Boron  0.176  0.124  0.135  0.093  0.574 
Cadmium 0.432  0.039  0.641  0.139  ** 
Calcium 46.167  1.781  43.050  1.246  0.406 
Chromium 0.022  0.013  0.042  0.019  0.330  
Cobalt  0.108  0.005  0.104  0.008  *** 
Copper 53.652  6.091  28.925  2.661  0.001 
Iron  159.857 10.449  142.820 9.275  0.717 
Lead  0.025  0.017  0.015  0.015  0.518 
Magnesium 182.238 3.814  184.950 3.119  0.897 
Manganese 3.167  0.114  4.216  0.117  <0.001 
Mercury 0.000  0.000  0.000  0.000  -- 
 
 
Molybdenum 0.987  0.037  1.042  0.044  0.675 
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Table 2.4.  Continued. 
   Winter             Summer      
  !  SE  !  SE  P 
Nickel  0.054  0.025  0.216  0.111  0.246  
Phosphorous 4253.333 83.599  3863.000 74.615  0.008 
Potassium 2397.143 60.278  2383.500 37.221  0.595 
Selenium 0.566  0.058  0.681  0.077  *** 
Sodium 940.857 41.603  994.250 58.243  0.081  
Sulfur  2524.286 46.617  2491.000 44.956  0.808 
Thalium 0.000  0.000  0.014  0.014  0.672 
Zinc  38.952  1.213  44.700  1.429  0.044 
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Table 2.5.  Annual variation in hepatic assays (ppm) of mule deer in the southern Black Hills, 
South Dakota, 2002–2003.  Symbols: -- no variation in assay,*** significant main effect 
interactions. 
   2002    2003                
  !  SE  !  SE  P 
Aluminum 1.474  0.670  0.415  0.132  *** 
Antimony 0.000  0.000  0.017  0.017  0.226 
Arsenic 0.000  0.000  0.000  0.000  -- 
Barium 0.065  0.008  0.111  0.012  0.003 
Boron  0.305  0.145  0.000  0.000  0.111 
Cadmium 0.421  0.074  0.652  0.121  0.433 
Calcium 45.843  1.856  43.390  1.161  0.491 
Chromium 0.005  0.004  0.060  0.021  0.023 
Cobalt  0.108  0.008  0.104  0.006  0.015 
Copper 45.533  6.400  37.450  4.188  0.358 
Iron  160.643 11.358  141.995 7.909  0.095 
Lead  0.040  0.022  0.000  0.000  0.164 
Magnesium 182.429 2.564  184.750 4.312  0.612 
Manganese 3.776  0.158  3.578  0.171  0.269 
Mercury 0.000  0.000  0.000  0.000  -- 
Molybdenum 1.030  0.039  0.996  0.042  0.692 
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Table 2.5.  Continued. 
   2002    2003                
  !  SE  !  SE  P 
Nickel  0.074  0.045  0.195  0.106  0.288 
Phosphorous 4144.286 87.954  3977.500 89.994  0.306 
Potassium 2403.810 55.108  2376.500 45.051  0.857 
Selenium 0.561  0.050  0.686  0.083  0.197 
Sodium 1136.667 38.212  788.650 22.434  <0.001 
Sulfur  2601.905 39.579  2409.500 41.514  0.003 
Thalium 0.013  0.013  0.000  0.000  0.491 
Zinc  43.076  1.356  40.370  1.525  0.433   
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Table 2.6. Variation in hepatic assays (ppm) between burned and unburned habitats of mule deer 
in the southern Black Hills, South Dakota, 2002–2003.  Symbols:  -- no variation in assay, *** 
significant main effect interactions. 
   Burn    Unburn               
  !  SE  !  SE  P 
Aluminum 0.617  0.108  1.281  0.686  0.678 
Antimony 0.017  0.016  0.000  0.000  0.191 
Arsenic 0.000  0.000  0.000  0.000  -- 
Barium 0.078  0.009  0.097  0.013  0.133 
Boron  0.180  0.127  0.133  0.092  0.517 
Cadmium 0.577  0.125  0.492  0.075  0.046 
Calcium 42.910  1.309  46.300  1.727  0.128 
Chromium 0.033  0.016  0.031  0.016  0.830 
Cobalt  0.109  0.005  0.103  0.008  *** 
Copper 47.200  6.136  36.248  4.630  0.210 
Iron  155.350 10.444  147.924 9.699  0.863 
Lead  0.028  0.019  0.013  0.013  0.353 
Magnesium 185.600 3.109  181.619 3.794  0.373 
Manganese 3.957  0.156  3.415  0.152  0.001 
Mercury 0.000  0.000  0.000  0.000  -- 
Molybdenum 0.989  0.037  1.037  0.043  0.691 
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Table 2.6. Continued. 
   Burn    Unburn               
  !  SE  !  SE  P 
Nickel  0.102  0.050  0.163  0.101  0.667 
Phosphorous 4084.000 84.085  4042.857 96.457  0.669 
Potassium 2449.000 41.580  2334.762 54.853  0.091 
Selenium 0.492  0.038  0.746  0.079  *** 
Sodium 941.600 47.529  991.000 52.594  0.084 
Sulfur  2529.500 48.043  2487.619 43.561  0.592 
Thalium 0.014  0.014  0.000  0.000  0.156 
Zinc  42.920  1.694  40.648  1.183  0.046 
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Table 2.7.  Parasites and serological evidence of disease of mule deer in the southern Black Hills, 
South Dakota, 2002–2003. 
 Common name      n  % 
Burn 
 Bluetongue       26  0 
 Bovine tuberculosis      26  0 
 Bovine Viral Diarrhea Virus Type I    26  23.1 
 Bovine Viral Diarrhea Virus Type II    18  5.6 
 Chronic wasting disease     25  0 
 Epizootic hemorrhagic disease    26  0 
 Johne’s disease      26  0 
 Liver flukes       26  0 
 Malignant catarrhal fever     26  0 
 Meningeal worm      26  0 
 Cephenemyia jellisoni      26  0 
 Taenia sp.       21  33.3 
 West Nile virus      5  0 
Unburn 
 Bluetongue       26  0 
 Bovine tuberculosis      26  0 
 Bovine Viral Diarrhea Virus Type I    26  30.8 
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Table 2.7.  Contiuned. 
 Common name      n  % 
 Bovine Viral Diarrhea Virus Type II    16  12.5 
Chronic wasting disease     26  0 
Epizootic hemorrhagic disease    26  7.7 
 Johne’s disease      26  0 
 Liver flukes       26  0 
 Malignant catarrhal fever     26  0 
 Meningeal worm      26  0 
 Cephenemyia jellisoni      26  0 
 Taenia sp.       22  40.9 
 West Nile virus      5  0 
 
 
 
 
 
 
 
 
 
 
 
 
   105
 
Table 2.8.  Seasonal variation in serum chemistry of white-tailed deer in the southern Black Hills, 
South Dakota, 2002–2003.  Symbols: *** significant main effect interactions. 
             
    Winter    Summer              
   !  SE  !  SE  P 
Chloride  149.818 49.540  94.474  1.540  <0.001 
  (MMOL/L) 
Glucose  105.273 14.050  109.632 13.183  *** 
  (mg/dl) 
Total bilirubin  0.773  0.170  0.558  0.090  *** 
  (mg/dl) 
Total protein  6.450  0.213  6.042  0.142  *** 
  (g/dl) 
Magnesium  3.014  0.109  2.637  0.099  0.003 
  (mEq/L) 
Creatinine phosph- 5186.053 1698.010 4195.000 2096.812 0.560 
  okinase (IU/L) 
Calcium  8.236  0.242  8.716  0.102  0.051 
  (mg/dl) 
Gamma glutamyl 55.429  10.308  66.684  18.632  *** 
  transpeptidase (IU/L) 
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Table 2.8.  Continued. 
    Winter          Summer               
   !  SE  !  SE  P 
Aspirate amino- 393.618 192.852 243.316 49.560  0.738 
  transferase (IU/L) 
Creatinine  2.829  0.271  1.279  0.060  *** 
  (mg/dl) 
Blood urea nitrogen 11.818  1.174  20.632  1.175  *** 
  (mg/dl) 
Phosphorous  7.991  0.743  8.763  0.483  0.388 
  (mg/dl) 
Albumin  2.927  0.218  3.021  0.122  *** 
  (g/dl) 
Globulin  3.541  0.168  3.021  0.111  0.082 
  (g/dl) 
Sodium  126.509 3.020  134.921 2.506  *** 
  (mEq/L) 
Potassium  28.976  2.582  15.719  1.549  *** 
  (mEq/L) 
Packed cell   47.937  2.602  46.201  1.068  0.646 
  volume (%) 
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Table 2.9. Annual variation in serum chemistry of white-tailed deer in the southern Black Hills, 
South Dakota, 2002–2003.  Symbols:  ***significant main effect interactions. 
    2002    2003               
   !  SE  !  SE  P 
Chloride  93.524  1.154  156.350 54.408  <0.001 
  (MMOL/L) 
Glucose  107.524 13.362  107.050 14.128  *** 
  (mg/dl) 
Total bilirubin  0.548  0.078  0.805  0.187  *** 
  (mg/dl) 
Total protein  5.986  0.101  6.550  0.241  *** 
  (g/dl) 
Magnesium  2.795  0.102  2.885  0.124  0.674 
  (mEq/L) 
Creatinine phosph- 4494.526 2057.977 4886.526 1751.458 0.818 
  okinase (IU/L) 
Calcium  8.486  0.114  8.430  0.269  0.605 
  (mg/dl) 
Gamma glutamyl 61.619  16.215  59.842  12.583  0.331 
  transpeptidase (IU/L) 
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Table 2.9. Continued. 
    2002    2003               
   !  SE  !  SE  P 
Aspirate amino 267.619 46.707  383.130 212.752 0.141 
  transferase (IU/L) 
Creatinine  1.950  0.113  2.280  0.374  ***  
  (mg/dl) 
Blood urea nitrogen 16.714  1.718  15.050  1.291  *** 
  (mg/dl) 
Phosphorous  7.424  0.546  9.320  0.686  0.018 
  (mg/dl) 
Albumin  2.671  0.135  3.285  0.203  *** 
  (g/dl) 
Globulin  3.329  0.130  3.270  0.184  0.993 
  (g/dl) 
Sodium  129.543 2.014  131.315 3.750  *** 
  (mEq/L) 
Potassium  22.663  1.337  23.010  3.606  *** 
  (mEq/L) 
Packed cell   46.404  2.622  47.906  1.308  0.507 
  volume (%) 
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Table 2.10.  Variation in serum chemistry between habitats of white-tailed deer in the southern 
Black Hills, South Dakota, 2002–2003.  Symbols:  ***significant main effect interactions.  
    Burn    Unburn              
   !  SE  !  SE  P 
Chloride  151.800 54.657  97.857  1.421  0.971 
  (MMOL/L) 
Glucose  131.200 16.432  84.524  7.855  *** 
  (mg/dl) 
Total bilirubin  0.755  0.195  0.595  0.066  0.521 
  (mg/dl) 
Total protein  6.335  0.246  6.190  0.125  *** 
  (g/dl) 
Magnesium  2.810  0.110  2.867  0.116  0.302 
  (mEq/L) 
Creatinine phosph- 2323.789 603.897 7057.263 2513.975 0.558  
  okinase (IU/L) 
Calcium  8.545  0.247  8.376  0.151  0.333 
  (IU/L) 
Gamma glutamyl 54.316  11.492  66.619  16.757  *** 
  transpeptidase (mg/dl) 
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Table 2.10.  Continued. 
    Burn    Unburn              
   !  SE  !  SE  P 
Aspirate amino 186.900 26.601  454.505 202.664 0.345 
  transferase (mg/dl) 
Creatinine  2.240  0.306  1.988  0.236  0.602 
  (mg/dl) 
Blood urea nitrogen 17.850  1.702  14.048  1.247  *** 
  (mg/dl) 
Phosphorous  8.645  0.698  8.067  0.602  0.657 
  (mg/dl) 
Albumin  3.000  0.191  2.943  0.178  0.976 
  (g/dl) 
Globulin  3.345  0.184  3.257  0.129  0.352 
  (g/dl) 
Sodium  129.680 3.409  131.100 2.509  0.987 
  (mEq/L) 
Potassium  24.318  3.167  21.418  2.068  0.479 
  (mEq/L) 
Packed cell   48.227  2.051  46.099  2.051  0.485 
  volume (%) 
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Table 2.11.  Seasonal variation in hepatic assays (ppm) of white-tailed deer in the southern Black 
Hills, South Dakota, 2002–2003.  Symbols: -- no variation in assay, **  significant covariate and 
main effect interactioin,*** significant main effect interactions.  
   Winter    Summer     
  !  SE  !  SE  P 
Aluminum 0.500  0.097  0.372  0.106  ** 
Antimony 0.017  0.017  0.000  0.000  0.137 
Arsenic 0.000  0.000  0.000  0.000  -- 
Barium 0.098  0.010  0.226  0.107  0.160 
Boron  0.686  0.396  0.245  0.140  0.213 
Cadmium 0.903  0.187  0.412  0.049  0.080 
Calcium 52.718  1.509  46.370  0.906  0.001 
Chromium 0.012  0.007  0.021  0.012  0.339 
Cobalt  0.090  0.008  0.075  0.010  0.278 
Copper 71.586  7.858  51.670  3.858  0.004 
Iron  171.555 15.033  150.120 27.061  0.045 
Lead  0.000  0.000  0.000  0.000  -- 
Magnesium 186.545 5.488  184.700 2.359  *** 
Manganese 3.240  0.118  4.772  0.143  <0.001 
Mercury 0.000  0.000  0.000  0.000  -- 
Molybdenum 0.622  0.037  0.981  0.034  <0.001 
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Table 2.11.  Continued. 
   Winter    Summer     
                          !   SE  !  SE  P 
Nickel  0.036  0.017  0.137  0.050  0.043 
Phosphorous 4197.273 100.294 3772.000 53.605  0.003 
Potassium 2527.273 71.469  2501.000 53.846  0.833 
Selenium 0.798  0.069  0.826  0.060  0.774 
Sodium 858.000 61.458  947.300 45.325  0.092 
Sulfur  2480.455 45.724  2532.500 23.707  0.433 
Thalium 0.000  0.000  0.036  0.025  0.209 
Zinc  34.995  1.392  40.015  1.048  0.004 
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Table 2.12.  Annual variation in hepatic assays (ppm) of white-tailed deer in the southern 
Black Hills, South Dakota, 2002–2003.  Symbols: -- no variation in assay, ** significant 
covariate and main effect interactioin,*** significant main effect interactions.  
   2002    2003      
  !  SE  !  SE  P 
Aluminum 0.541  0.084  0.338  0.113  0.115 
Antimony 0.018  0.018  0.000  0.000  0.135 
Arsenic 0.000  0.000  0.000  0.000  -- 
Barium 0.085  0.013  0.233  0.101  <0.001 
Boron  0.952  0.415  0.000  0.000  0.023 
Cadmium 0.609  0.106  0.729  0.187  0.429 
Calcium 49.710  1.700  49.681  1.168  0.741 
Chromium 0.004  0.004  0.029  0.012  ** 
Cobalt  0.080  0.007  0.086  0.011  0.297 
Copper 50.290  5.858  73.914  6.559  0.008 
Iron  148.567 12.593  174.129 27.344  0.790 
Lead  0.000  0.000  0.000  0.000  -- 
Magnesium 180.476 3.103  190.857 5.092  *** 
Manganese 4.005  0.224  3.935  0.205  0.860 
Mercury 0.000  0.000  0.000  0.000  -- 
Molybdenum 0.787  0.046  0.798  0.060  0.967 
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Table 2.12.  Continued. 
   2002    2003      
  !  SE  !  SE  P 
Nickel  0.064  0.033  0.104  0.041  0.323 
Phosphorous 4009.048 89.897  3980.476 100.369 0.662 
Potassium 2505.714 67.801  2523.810 60.455  0.925 
Selenium 0.676  0.049  0.947  0.065  0.005 
Sodium 1009.238 60.646  791.810 36.777  <0.001 
Sulfur  2562.381 34.107  2448.095 37.229  0.016 
Thalium 0.021  0.021  0.013  0.013  0.676 
Zinc  36.767  1.454  38.005  1.266  0.717 
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Table 2.13. Variation in hepatic assays (ppm) between burned and unburned habitats of 
white-tailed deer in the southern Black Hills, South Dakota, 2002–2003.  Symbols: -- no 
variation in assay, ** significant covariate and main effect interactioin,*** significant 
main effect interactions.  
   Burn    Unburned     
  !  SE  !  SE  P 
Aluminum 0.564  0.109  0.315  0.086  0.090 
Antimony 0.000  0.000  0.018  0.018  0.295 
Arsenic 0.000  0.000  0.000  0.000  -- 
Barium 0.099  0.010  0.219  0.103  0.259 
Boron  0.567  0.409  0.386  0.163  0.799  
Cadmium 0.801  0.195  0.537  0.083  0.559 
Calcium 48.671  1.234  50.719  1.620  0.252 
Chromium 0.018  0.010  0.015  0.009  0.859 
Cobalt  0.081  0.010  0.084  0.009  0.717 
Copper 62.019  8.255  62.186  4.811  0.918 
Iron  140.429 12.086  182.267 27.070  0.121 
Lead  0.000  0.000  0.000  0.000  -- 
Magnesium 183.286 3.838  188.048 4.791  *** 
Manganese 4.072  0.236  3.868  0.189  0.394  
Mercury 0.000  0.000  0.000  0.000  -- 
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Molybdenum 0.811  0.049  0.774  0.057  0.524 
Table 2.13. Continued. 
   Burn    Unburned     
  !  SE  !  SE  P 
Nickel  0.122  0.049  0.046  0.017  0.128 
Phosphorous 3982.857 87.301  4006.667 102.665 0.969 
Potassium 2537.143 61.257  2492.381 66.758  0.597 
Selenium 0.643  0.048  0.979  0.058  ** 
Sodium 933.429 50.551  867.619 59.571  0.485 
Sulfur  2532.857 38.055  2477.619 36.761  0.397 
Thalium 0.021  0.021  0.013  0.013  0.747 
Zinc  39.086  1.208  35.686  1.416  0.041 
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Table 2.14.  Parasites and serological evidence of disease for white-tailed deer in the 
southern Black Hills, South Dakota, 2002–2003. 
 Common name      n  % 
Burn 
 Bluetongue       21  0 
 Bovine tuberculosis      23  0 
 Bovine Viral Diarrhea Virus Type I    21  23.8 
 Bovine Viral Diarrhea Virus Type II    15  6.7 
 Chronic wasting disease     23  0 
 Epizootic hemorrhagic disease    21  0 
 Johne’s disease      21  0 
 Liver flukes       23  0 
 Malignant catarrhal fever     23  0 
 Paralaphostrongylus tenuis     23  0 
 Cephenemyia jellisoni      23  0 
 Taenia sp.       18  11.1 
 West Nile virus      4  0 
Unburn 
 Bluetongue       21  0 
 Bovine tuberculosis      21  0 
 Bovine Viral Diarrhea Virus Type I    21  9.5 
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Table 2.14.  Continued. 
 Common name      n  % 
Bovine Viral Diarrhea Virus Type II    16  18.8 
 Chronic wasting disease     22  0 
 Epizootic hemorrhagic disease    21  0 
 Johne’s disease      21  0 
 Liver flukes       22  0 
 Malignant catarrhal fever     23  0 
 Paralephonstrongylus tenuis     22  0 
 Cephenemyia jellisoni      22  0 
Taenia sp.       17  11.8 
 West Nile virus      5  0 
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CHAPTER 3  
VARIATION IN GASTROINTESTINAL MORPHOLOGY OF MULE AND 
WHITE-TAILED DEER 
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INTRODUCTION 
Since the early 1900s the United States Department of Agriculture Forest Service 
has managed the Black Hills National Forest (BHNF) in western South Dakota as a forest 
preserve.  Management has focused on timber production, livestock grazing, and winter 
range for wild cervids during which suppression of fire has become an important 
component of vegetation management (Larson and Johnson 1999).  Suppression of wild 
fire and emphasis on timber production resulted in a closure of the dominant canopy of 
ponderosa pine (Pinus ponderosa), with concomitant decrease in quantity and diversity of 
understory vegetation (Larson and Johnson 1999).   
 Leopold et al. (1947) reported that the Harney National Range (currently the 
BHNF) in western South Dakota, was a chronic area of deer overpopulation.  The white-
tailed deer (Odocoileus virginianus dacotensis) (WTD) population in this area was 
characterized as malnourished due to overbrowsing of habitat, canopy closure, and/or fire 
suppression.  Research in the 1990s indicated that WTD populations in the northern and 
central Black Hills had been in decline since the late 1970s, likely due to habitat 
deterioration (Griffin et al. 1992, Griffin 1994, DePerno 1998).  In the 1990s, nutritional 
condition studies of WTD were conducted in the northern and central Black Hills to 
determine status and relationship of deer to current habitat conditions (Osborn 1994, 
Hippensteel 2000).  Results indicated that deer in the Black Hills were in poor nutritional 
condition and exhibited low reproductive rates due to low habitat quality.  Management 
recommendations to improve WTD condition included pine thinning, pine litter 
reduction, increase in deciduous habitats, increase in forage biomass, and increase in tall 
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shrub–sapling densities (Osborn 1994, DePerno 1998, Hippensteel 2000), all of which 
could be attained through burning.   
  Thompson et al. (1991) indicated that opening overstory canopies in forested 
habitats, would improve habitat characteristics for WTD.  In addition, prescribed fire in 
grassland and mountain shrub communities improved winter nutrition of mule deer (O. 
hemionus) (MD) and mountain sheep (Ovis canadensis) by elevating concentrations of 
protein and in vitro digestibility of forage (Hobbs and Spowart 1984).  Crude protein and 
digestibility are at a maximum in emergent herbaceous vegetation (Verme and Ullrey 
1984), of which 13-22% of protein is required for maintaining lactation in WTD (Ullrey 
et al. 1967).  Deposition of fat and muscle development occurs in ungulates when 
consuming diets high in energy and protein; these reserves are utilized when diets are 
below maintenance (Stephenson et al. 2002) and are physiologically important to 
ungulates as energy reserves for winter survival.    
Variation in diet quality and quantity might cause changes in papillae morphology 
and perhaps other gastrointestinal features that respond directly to chemical components 
in plants and may be used to evaluate nutritional condition of ruminants (Lentle et al. 
1997).   Size of papillae, and thus absorptive surface area, increases with high rates of 
production of volatile fatty acids (VFA); low VFA production rates result in a reduction 
in the size of papillae and absorptive surface area (Mathiesen et al. 2000). Rumen 
papillation has been studied in a variety of wild ungulates including elk (Cervus elaphus) 
(Lentle et al. 1997), Norwegian reindeer (Rangifer tarandus tarandus) (Mathiesen et 
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al.2000, Soveri and Nieminen 1995), and moose (Alces alces) (Hofmann and Nygren 
1992).  Short (1964, 1981) described height and width of papillae in WTD and MD.   
On 24 August 2000, an anthropogenic fire burned 34,821 ha (7% of the BHNF 
(Jasper Fire Rapid Assessment 2000) in the southern Black Hills (SBH).   This fire (i.e. 
Jasper wildfire) was the largest recorded in the Black Hills in the past century.  Effects of 
the fire varied from areas with unburned and low intensity (24% of fire area) to moderate 
(32%) and high-intensity burns (24%).   
 The objectives of this study were to 1) examine gastrointestinal morphology and 
characteristics (papillae characteristics, rumen digesta dry weight, gastrointestinal length, 
tissue weight, and digesta dry weight) of reproductive and non-reproductive female WTD 
and MD, with a primary focus on the effects of burning, and temporal variation (season 
and year), 2) compare the gastrointestinal morphology among reproductive and non-
reproductive female deer, and 3) make interspecific comparisons in the gastrointestinal 
morphology of MD and WTD.     
STUDY AREA 
 The Black Hills are located in west-central South Dakota and northeastern 
Wyoming and are the eastern most extension of the Rocky Mountains; the mountains are 
surrounded by grassland and sagebrush (Artemesia sp.) steppe ecosystems (Petersen 
1984, Larson and Johnson 1999).  Topography in the Black Hills ranges from steep 
ridges, rock outcrops and caves, canyonlands and gulches, to rolling hills, upland prairies, 
and tablelands (Froiland 1990).  Elevation are 973–2,202 m above sea level.  Mean 
average temperatures are 5–9° C with low and high extremes of – 40 to 44° C, 
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respectively (Orr 1959).  My study area was located in the southern Black Hills (SBH) of 
South Dakota, on the southern edge of the Custer Limestone Plateau, in northern Custer 
and southern Pennington counties.     
White-tailed deer and MD occur sympatrically in the SBH and use separate winter 
and summer ranges (Dubreuil 2003).   Ponderosa pine (Pinus ponderosa) dominates the 
Black Hills, comprising about 84% of the overstory canopy (Rumble and Anderson 
1996); remaining canopy consists of small stands of white spruce (Picea glauca) and 
quaking aspen (Populus tremuloides) at higher elevations (Thilenius 1972, Severson and 
Thilenius 1976, Sieg and Severson 1996).  The southwestern portion of the winter range 
is characterized by ponderosa pine/mountain mahogany/Rocky Mountain juniper (Pinus 
ponderosa/Cercocarpus montanus/Juniperus scopulorum).  Understory vegetation on 
winter range comprises big bluestem (Andropogon gerardii), buffalograss (Buchloe 
dactyloides), fringed sagewort (Artemesia frigida), snowberry (Symphoricarpus albus), 
serviceberry (Amelanchier alnifolia), cherry species (Prunus sp.), and common juniper 
(Juniperus communis) (Thilenius 1972, Severson and Thilenius 1976, Dubreuil 2003).  In 
addition, the dominant understory vegetation on summer range is composed of 
snowberry, serviceberry, Oregon grape (Berberis repens), bearberry (Arctostaphylos uva-
ursi), and various grass and forb species (Thilenius 1972, Severson and Thilenius 1976, 
Dubreuil 2003).  Seasonal availability of shrubs in the SBH ranges from 0.62% in winter 
to 1.01% in summer, which sets forth limitations in tall shrub–sapling availability for 
deer for utilization as thermal cover, forage, and concealment of neonates (DePerno 
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1998, Dubreuil 2003).  Female WTD in the SBH select pine, pine/spruce and pine/aspen 
habitats with grass-forb understories as foraging areas (Debreuil 2003).   
METHODS 
FIELD METHODS 
In early February and August, 2002 and 2003, 20 female deer/year/season (5 adult 
female MD and 5 adult female WTD) were collected in and out of the Jasper fire 
perimeter for a total of 80 deer (40 MD and 40 WTD).  Deer were shot in the neck with a 
high-powered rifle (Animal Care and Use Committee 1998; protocol approved by South 
Dakota State University’s Animal Care and Use Committee).  Each animal was marked 
with an identification tag indicating year, season, and individual number.  Deer were 
necropsied at a designated field station. Total and eviscerated body weights were 
recorded to the nearest kg.  Rumen and reticulum contents were weighed to the nearest 
kg.  Rumen wall samples were removed from the dorsal, ventral, left lateral, right lateral, 
and the dorso- and ventro-caudal blind sacs.  Rumen wall samples were removed within 
30 min of harvest and were stored in 10% buffered formalin until processed (Mathiesen 
et al. 2000, Soveri and Nieminen 1995).  The entire gastrointestinal (GI) tract (abomasum 
to rectum) was tied off, removed and stored frozen until processed. 
ANALYTICAL METHODS 
 A 2-cm2 subsample was collected from each of the 6 rumen wall locations.  
Maximum height and width of 20 papillae, (5 randomly selected papillae from each side 
of the subsample) from each location, were measured and converted to cm.  Using a 1-
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cm2 ocular grid, density was determined by counting the number of papillae within the 
perimeter of the grid.  Surface enlargement factor (SEF) was calculated based on the 
equation of Hofmann and Nygren (1992): 
 
SEF = 2 x papillae surface (length x width) x papillae number + base surface. 
     base surface 
 
Average SEF was calculated for each deer by summing the SEF from each location and 
dividing by the total number of samples.  To determine dry matter weight for rumen 
ingesta, wet weight was determined for five rumen samples for MD and WTD in summer 
and winter.  Samples were dried, reweighed, and percent rumen dry matter was calculated 
by dividing dry weight by wet weight.   
Fat and connective tissue on each GI tract were removed and the entire GI tract 
was weighed to the nearest gram.  The GI tract was cut longitudinally, and all contents 
were removed by washing.  Remaining tissue was weighed to determine tissue weight, 
difference between weight of the entire GI tract and tissue weight was used as an estimate 
of GI digesta wet weight.  GI digest dry weight was determined by drying and weighing 
fecal samples to determine percent dry weight of feces and adjusting GI digesta wet 
weight by the constant calculated from the following equation: 
GI digesta dry weight =(% rumen dry matter + % fecal dry matter)/2. 
GI tissue was stretched using a spring scale with 5 g of pressure according to the methods 
of Jenks et al. (1994).     
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 STATISTICAL METHODS 
 Lilliefor’s test was used to evaluate normality assumptions; non-normal data were 
rank transformed (Conover and Iman 1981), statistical significance was set at P < 0.10.  
Gastrointestinal morphologic variables were compared for main and interactive effects of 
season, year, and habitat using ANCOVA.  Age was used as the covariate for papillae 
height, width, density, and SEF.  Eviscerated weight was used as the covariate for rumen 
dry matter, GI dry matter, GI length, and GI tissue weight.  SYSTAT (Wilkinson 1990) 
was used to perform all statistical analyses.   
RESULTS 
WHITE-TAILED DEER PAPILLAE AND GASTROINTESTINAL 
CHARACTERISTICS 
The main effective by covariate interaction was significant for SEF (F1,30 =14.326, 
P=0.001), average papillae height (F1, 30=13.520, P=0.001), and papillae width (F1, 
30=5.159, P=0.030) between seasons,  GI length between seasons (F1, 20=2.996, P=0.099), 
GI length between years (F1, 24=5.744, P=0.025), GI tissue weight between years (F1, 
22=7.028, P=0.015), and GI tissue weight between habitats (F1, 7=4.356, P=0.075) in 
WTD; papillae width (F1, 35=3.043, P=0.090, respectively) between habitats in WTD; 
papillae width (F1, 15=9.200, P=0.008) between habitats in pregnant WTD; and papillae 
height (F1, 3=6.285, P=0.087) between years in non-lactating WTD.   Plots of season and 
age for SEF, papillae height, and papillae width in WTD were examined, and SEF, 
papillae height, and papillae width were greater in summer than winter; therefore, the 
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covariate age was removed from the analysis.  Plots of habitat and age for papillae width, 
season and eviscerated weight for GI length, year and eviscerated weight for GI length, 
year and eviscerated weight for GI tissue weight, habitat and eviscerated weight for GI 
tissue weight in WTD; habitat and age for papillae width for pregnant WTD, and year 
and age for in non-lactating WTD were examined and variables could not be 
distinguished by main effects; therefore, analyses could not be completed.      
Rumen wet weight averaged 19% in winter and 15% in summer; wet weight were 
adjusted using the coefficients.  SEF (F1, 40=139.967, P<0.001), papillae height (F1, 
40=95.827, P<0.001), and papille width (F1, 40=74.850, P<0.001) differed between 
seasons in WTD.  SEF was greater in summer than winter in WTD (Table 3.1).  Papillae 
height and papillae width were greater in summer (height: !=0.660 ± 0.022, width: 
!=0.177 ± 0.006) than winter (height: !=0.410 ± 0.014; width: !=0.118 ± 0.004 
respectively).  Rumen dry weight and papillae density did not differ (P > 0.10) by season 
in WTD.  
GI digesta dry weight, GI length, and GI tissue weight in pregnant WTD could 
not be analyzed between years due to samples that were destroyed in 2002.  Rumen dry 
weight (F1, 31=3.596, P=0.067) and GI digesta dry weight (F1, 23=3.405, P=0.078) in 
WTD, papillae height (F1, 17=3.993, P=0.062) in pregnant WTD, SEF (F1, 7=7.818, 
P=0.027) and papillae height (F1, 7=4.295, P=0.077) in lactating WTD, and rumen digesta 
dry weight (F1, 5=26.775, P=0.004) in non-lactating WTD differed between years.  
Rumen dry weight, GI digesta dry weight in WTD; SEF in lactating WTD, and rumen 
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digesta dry weight in non-lactating WTD were greater in 2002 than 2003 (Table 3.1, 3.2, 
3.3).  Papillae height in pregnant and lactating WTD was greater in 2003 (pregnant: 
!=0.431 ± 0.020; lactating: !=0.737 ± 0.023) than 2002 (pregnant: !=0.388 ± 0.019; 
lactating: !=0.666 ± 0.030, respectively).  SEF, papillae height, rumen wet weight, GI 
tissue weight in WTD, SEF, papillae width, papillae density, rumen digesta dry weight in 
pregnant WTD, width of papillae, papillae density, rumen digesta dry weight, GI digesta 
dry weight, GI length, and GI tissue weight in lactating WTD, SEF, papillae width, 
papillae density, GI digesta dry weight, GI length, and GI tissue weight in non-lactating 
WTD did not differ (P > 0.10) between years.   
Rumen digesta dry weight (F1, 31=6.338, P=0.017) in WTD; papillae height (F1, 
17=3.067, P=0.098) in pregnant WTD; SEF (F1, 7=8.754, P=0.021) and rumen digesta dry 
weight (F1, 6=11.439, P=0.015) in lactating WTD; and SEF (F1, 5=4.285, P=0.093) in 
non-lactating WTD differed between habitats. Rumen dry weight in WTD, and SEF and 
rumen digesta dry weight in lactating WTD were greater in unburned compared with 
burned habitat (Table 3.1, 3.2).  SEF in non-lactating WTD was greater in burned than 
unburned habitat (Table 3.1).  Papillae height in pregnant WTD was greater in burned 
(!=0.430 ± 0.016) than unburned (!=0.390 ± 0.022) habitat.   SEF, papillae height, 
papillae density, GI tissue weight, and GI length in WTD; SEF, papillae density, GI 
digesta dry weight, rumen digesta dry weight, and tissue weight in pregnant WTD; 
papillae height, papillae width, papillae density, rumen digesta dry weight, GI digest dry 
weight, length, and GI tissue weight in lactating WTD; papillae height, papillae width, 
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papillae density, GI digesta dry weight, GI length, GI tissue weight, and rumen digesta 
dry weight in non-lactating WTD did not differ (P > 0.10) by habitats.     
The habitat by season interaction was significant for GI digesta dry weight in 
WTD (F1, 23=3.946, P=0.059).  In unburned habitat, GI dry weight differed (F1, 12=4.599, 
P=0.053) between seasons with levels greater in summer (!=0.532 ± 0.039) than winter 
(!=0.472 ± 0.044).  In summer, GI dry weight differed (F1, 16=4.172, P=0.058) between 
habitats with levels greater in unburned (!=0.532 ± 0.039) compared to burned (!=0.432 
± 0.023) habitat.  
COMPARISONS BETWEEN WHITE-TAILED DEER REPRODUCTIVE GROUPS  
 The reproductive status and covariate interactions were significant for SEF (F1, 
29=5.022, P=0.033), GI length (F1, 17=8.331, P=0.010), and GI tissue weight (F1, 17=4.043, 
P=0.060) between pregnant and lactating WTD; SEF (F1, 27=3.577, P=0.069) and papillae 
height (F1, 27=3.915, P=0.058) for pregnant and non-lactating WTD; GI tissue weight (F1, 
15=10.290, P=0.006) and GI length (F1, 15=5.595, P=0.032) for lactating and non-lactating 
WTD.  Plots for SEF vs. age for pregnant and lactating WTD, SEF vs. age and papillae 
height vs. age between pregnant and non-lactating WTD, and SEF between lactating and 
non-lactating WTD were examined.  Papillae height in non-lactating WTD was greater 
than levels for pregnant WTD; therefore, the covariate age was removed from the 
analysis.  Plots of GI length vs. eviscerated weight and GI tissue weight vs. eviscerated 
weight for pregnant and lactating WTD, GI tissue weight vs. eviscerated weight and GI 
length vs. eviscerated weight in lactating and non-lactating WTD were examined and 
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variables could not be distinguished based on reproductive status; therefore, data could 
not be analyzed further.      
  SEF (F1, 31=135.709, P<0.001), papillae height (F1, 30=115.969, P<0.001), 
papillae width (F1, 30=114.880, P<0.001), rumen digesta dry weight (F1, 28=4.776, 
P=0.037), and GI digesta dry weight (F1, 18=20.893, P<0.001) differed between lactating 
and pregnant WTD.   SEF, papillae height, papillae width, rumen digesta dry weight, and 
GI digesta dry weight were greater for lactating WTD (SEF: !=23.022±0.753; papillae 
height: !=0.686 ± 0.024; papillae width: !=0.192 ± 0.006; rumen digesta dry weight: 
!=0.541 ± 0.033; GI digesta dry weight: !=476.455 ± 28.811) than pregnant WTD (SEF: 
!=10.749 ± 0.641; papillae height: !=0.410 ± 0.014; papillae width: !=0.118 ± 0.004; 
rumen digesta dry weight: !=0.427 ± 0.031; GI digesta dry weight: !=295.724 ± 14.103).  
Papillae density did not differ (P > 0.10) between pregnant and lactating WTD.     
 SEF (F1, 29=64.006, P<0.001), papillae height (F1, 29=46.201, P<0.001), and 
papillae width (F1, 28=26.031, P<0.001) differed between pregnant and non-lactating 
WTD.  SEF, papillae height, and papillae width of non-lactating (SEF: !=20.985 ± 1.254; 
papillae height: !=0.628 ± 0.037; papillae width: !=0.160 ± 0.008) WTD was greater 
than pregnant (SEF: !=10.749 ± 0.641; papillae height: !=0.410 ± 0.014; papillae width: 
!=0.118 ± 0.004) WTD.  There was no difference (P > 0.10) in papillae density, rumen 
digesta dry weight, GI digesta dry weight, GI length, and GI tissue weight between 
pregnant and non-lactating WTD.   
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Papillae width (F1, 17=5.293, P=0.034), papillae density (F1, 17=4.098, P=0.059), 
rumen digesta dry weigth (F1, 16=9.927, P=0.006), GI digesta dry weight (F1, 16=28.754, 
P<0.001) differed between lactating and non-lactating WTD.  Papillae width, rumen 
digesta dry weight, and GI digesta dry weight were greater for lactating  (papillae width: 
!=0.192 ± 0.006; rumen digesta dry weight: !=0.541 ± 0.033; GI digesta dry weight: 
!=467.455 ± 28.811) than non-lactating (papillae width: !=0.160 ± 0.008; rumen digesta 
dry weight: !=0.411 ± 0.020; GI digesta dry weight: !=263.028 ± 14.075) WTD.  
Papillae density was greater for non-lactating (!=95.741 ± 5.634) than lactating 
(!=80.539 ± 3.792) WTD.  There was no difference (P > 0.10) between SEF and papillae 
height of lactating and non-lactating WTD 
MULE DEER PAPILLAE AND GASTROINTESTINAL CHARACTERSITICS 
 Main effect and covariate interactions were significant for papillae width (F1, 
29=8.103, P=0.008), GI digesta dry weight (F1, 21=6.274, P=0.021), and GI tissue weigth 
(F1, 17=12.924, P=0.002) in MD; SEF (F1, 11=3.998, P=0.071) in pregnant MD; GI length  
(F1, 6=6.576, P=0.043) and GI tissue weight (F1, 5=17.642, P=0.072) in lactating MD; and 
papillae height (F1, 2=74.179, P=0.013) in non-lactating MD.  Plots of average papillae 
width vs. age in MD was examined and average width was greater in summer than 
winter; therefore, the covariate was removed from the analysis.  Plots of GI digesta dry 
weight vs. eviscerated weight and GI tissue weight vs. eviscerated weight in MD; SEF vs. 
age in pregnant MD; GI length vs. eviscerated weight and GI tissue weight vs. 
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eviscerated weight in lactating MD; and papillae height vs. age in non-lactating MD were 
examined and variables could not be distinguished between treatments; therefore, data 
could not be analyzed further.          
SEF (F1, 32=102.748, P<0.001), papillae width (F1, 39=62.861, P<0.001), and 
papillae density (F1, 32=6.647, P=0.015) of MD differed by season.  SEF of MD was 
greater in summer than winter (Table 3.5). Papillae widths were greater in summer 
(!=0.177 ± 0.005) than winter (!=0.130 ± 0.003) but papillae density of MD was greater 
in winter (!=105.818 ± 3.015) than summer (!=96.858 ± 3.076).   
SEF (F1, 32=6.664, P=0.015), papillae width (F1, 36=3.062, P=0.089), and rumen 
digesta dry weight (F1, 30=9.918, P=0.063) of MD; SEF (F1, 15=15.178, P=0.001), papillae 
height (F1, 13=6.422, P=0.025), and papillae width (F1, 13=4.508, P=0.054) of pregnant 
MD; GI length (F1, 10=4.813, P=0.053) of lactating MD; and rumen digesta dry weight 
(F1, 3=10.610, P=0.047) of non-lactating MD differed between habitats.  SEF of MD and 
pregnant MD and GI length of lactating MD were greater in burned than unburned habitat 
(Table 3.5, 3.8). Papillae width of MD and papillae height and width of pregnant MD 
were greater in burned (papille width of MD: !=0.161 ± 0.007; papillae height of 
pregnant MD: !=0.453 ± 0.022; papillae width of pregnant MD: !=0.139 ± 0.005) than 
unburned (papillae width of MD: !=0.146 ± 0.006; papillae height of pregnant MD: 
!=0.368 ± 0.012; papillae width of pregnant MD: !=0.123 ± 0.004, respectively) habitat.  
Rumen digesta dry weight of MD and non-lactating MD was greater in unburned than 
burned habitat (Table 3.6).  Papillae density, GI digesta dry weight, and GI tissue weight 
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of MD; papillae density, GI digesta dry weight, rumen digesta dry weight, GI length, and 
GI tissue weight of pregnant MD; SEF, papillae width, papillae height, papillae density, 
and rumen digesta dry weight in lactating MD; SEF, papillae width, papillae density, GI 
dry weight, GI length, and GI tissue weight of non-lactating MD did not differ (P > 0.10) 
by habitats.  
The main effect of year on GI digesta dry weight, GI length, and GI tissue weight 
of MD and pregnant MD could not be analyzed due to less of samples in 2002.  Non-
lactating MD could not be examined between years due to a small sample size (n=4 in 
2002; n=2 in 2003).  Papillae height (F1, 9=8.011, P=0.020), papillae width (F1, 9=6.583, 
P=0.030), and rumen digesta dry weight (F1, 9=12.378, P=0.007) of lactating MD differed  
between years.  Papillae height and papillae width of lactating MD levels were greater in 
2003 (height: !=0.633 ± 0.019; width: !=0.195 ± 0.007) than 2002 (height: !=0.569 ± 
0.011; width: !=0.171 ± 0.006). Rumen digesta dry weight of lactating MD was greater 
in 2003 than 2002 (Table 3.6).  SEF, papillae width, papillae density, and papillae height 
of MD; papillae height, papillae width and papillae density of pregnant MD; SEF, 
papillae density, and GI tissue weight of lactating MD did not differ (P > 0.10) by year.  
The habitat by season interaction was significant for papillae height (F1, 32=3.786, 
P=0.061) and GI length (F1, 22=3.619, P=0.070) in MD.  In winter, papillae height was 
greater (F1, 18=4.614, P=0.046) in burned (!=0.442 ± 0.023) than unburned (!=0.363 ± 
0.013) habitat.  In burned habitat, average height was greater (F1, 17=18.390, P<0.001) in 
summer (!=0.582 ± 0.021) than winter (!=0.442 ± 0.023).  The same seasonal trend was 
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evident in unburned habitat with papillae height greater (F1, 18=88.360, P<0.001) in 
summer (!=0.591 ± 0.022) than winter (!=0.363 ± 0.013).   In summer, GI length 
differed (F1, 16=4.185, P=0.058) between habitats with levels greater in burned (!=28.381 
± 1.370) than unburned (!=25.453 ± 0.744) habitat.     
  The season by year interaction was significant (F1, 30=9.819, P=0.004) for rumen 
digesta dry weight in MD.  Rumen digesta dry weight was greater (F1, 17=13.681, 
P=0.002) in summer 2003 (!=0.766 ± 0.061) than summer 2002 (!=0.475 ± 0.047).  In 
2002, rumen digesta dry weights were greater (F1, 18=10.185, P=0.005) in winter 
(!=0.703 ± 0.053) than summer (!=0.475 ± 0.047).  The habitat by year interaction was 
significant (F1, 7=7.687, P=0.028) for GI dry weight in lactating MD.  The interaction was 
examined but years and habitats did not differ (P>0.10).   
COMPARISONS BETWEEN MULE DEER REPRODUCTIVE GROUPS 
Reproductive status effect by covariate eviscerated weigth interaction was 
significant for GI tissue weight (F1, 17=4.760, P=0.043) in pregnant MD and GI length 
(F1, 16=5.274, P=0.035) in lactating MD.  Plots of GI tissue weight vs. eviscerated weight 
and GI length vs. eviscerated weight in pregnant and lactating MD were examined, and 
reproductive groups could not be distinguished; therefore, variables could not be 
analyzed further.     
SEF (F1, 29=90.203, P<0.001), papillae height (F1, 29=85.142, P<0.001), papillae 
width (F1, 29=80.874, P<0.001), papillae density (F1, 29=6.783, P=0.014), GI digesta dry 
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weigth (F1, 18=3.551, P=0.076) differed between pregnant and lactating MD.  SEF, 
papillae height, papillae width, and GI digesta weight were greater for lactating (SEF: 
!=22.607 ± 0.707; papillae height: !=0.605 ± 0.015; papillae width: !=0.185 ± 0.005; GI 
digesta dry weight: !=518.521 ± 39.115) than pregnant (SEF: !=13.331 ± 0.677; papillae 
height: !=0.411 ± 0.016; papillae width: !=0.131 ± 0.004; GI digesta dry weight: 
!=461.781 ± 33.333) MD.  Papillae density was greater in pregnant (!=104.356 ± 3.310) 
than lactating (!=92.714 ± 3.709) MD.  Rumen digesta dry weight did not differ (P > 
0.10) between reproductive groups.    
 SEF (F1, 21=27.558, P<0.001), papillae height (F1, 21=19.325, P<0.001), papillae 
width (F1, 21=15.948, P=0.001), rumen digesta dry weight (F1, 19=5.561, P=0.029), and GI 
digesta dry weight (F1, 12=5.358, P=0.039) differed between pregnant and non-lactating 
MD. SEF, papillae height, and papillae width were greater for non-lactating (SEF: 
!=20.330 ± 0.860; height: !=0.543 ± 0.032; width: !=0.159 ± 0.005) than pregnant (SEF: 
!=13.331 ± 0.677; height: !=0.411 ± 0.016; width: !=0.131 ± 0.004) MD.  Rumen 
digesta and GI digesta dry weight were greater in pregnant (rumen digesta: !=0.696 ± 
0.038, GI digesta: !=461.781 ± 33.333) than non-lactating  (rumen digesta: !=0.423 ± 
0.068; GI digesta: !=235.292 ± 16.314) MD.  Papillae density, GI tissue weight, and GI 
length did not differ (P > 0.10) between pregnant and non-lactating MD. 
 Papillae height (F1, 17=3.804, P=0.068), rumen digesta dry weight (F1, 17=3.657, 
P=0.073), GI digesta dry weight (F1, 15=4.478, P=0.051), and GI length (F1, 16=7.989, 
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P=0.012) differed between lactating and non-lactating MD.  Papillae height, rumen 
digesta dry weight, GI digesta dry weight, and GI length were greater for lactating 
(papillae height: !=0.605 ± 0.015, rumen digesta: !=0.705 ± 0.052; GI digesta: 
!=518.521 ± 39.115; GI length: !=28.221 ± 0.933) than non-lactating (papillae height: 
!=0.543 ± 0.032; rumen digesta: !=0.423 ± 0.068; GI digesta: !=235.292 ± 16.314; GI 
length: !=23.848 ± 0.614) MD.  SEF, papillae width, papillae density, and GI tissue 
weight did not differ (P > 0.10) between lactating and non-lactating MD.   
COMPARISON BETWEEN FEMALE MULE DEER AND WHITE-TAILED DEER 
The species by covariate interaction was significant for GI dry weight (F1, 
54=12.612, P=0.001) and GI tissue weight (F1, 54=5.916, P=0.018) in MD and WTD; and 
papillae width (F1, 21=3.855, P=0.063), GI tissue weigth (F1, 18=9.201, P=0.007), and GI 
digesta dry weight (F1, 18=6.159, P=0.023) in lactating MD and WTD.  Plots of GI 
digesta dry weight vs. eviscerated weight, GI tissue weight vs. eviscerated weight, 
papillae width vs. age, and GI tissue weight vs. eviscerated weight were examined, and 
morphologic indices could not be distinguished between species; therefore, analysis 
could not be completed. The plot of GI digesta dry weight vs. eviscerated weight was 
examined, and the GI dry weight of lactating MD was greater than WTD; therefore, the 
covariate was removed from the analysis.   
Female MD and WTD were compared over all seasons, years, and habitats.  
Papillae density (F1, 80=9.373, P=0.003), rumen digesta dry weight (F1, 76=13.808, 
P<0.001), and GI length (F1, 54=7.979, P=0.007) differed between MD and WTD.  
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Papillae density, rumen digesta dry weight, and GI length were greater for MD than 
WTD (Table 3.9).   SEF, papillae height, and papillae width did not differ (P > 0.10) for 
MD and WTD. 
SEF (F1, 37=7.013, P=0.012), papillae width (F1, 37=5.872, P=0.020), papillae 
density (F1, 37=5.505, P=0.024), rumen digesta dry weight (F1, 34=9.433, P=0.004), GI 
digesta dry weight (F1, 17=4.230, P=0.055), and GI tissue weight (F1, 17=4.016, P=0.061) 
differed between pregnant MD and WTD.  SEF, papillae width, papillae density, rumen 
digesta dry weight, GI digesta dry weight, and GI tissue weight were greater for MD than 
WTD (Table 4.9).  Papillae height and GI length did not differ (P > 0.10) between 
pregnant MD and WTD.        
Papillae height (F1, 22=5.810, P=0.025), papillae density (F1, 22=4.011, P=0.058), 
and GI length (F1, 20=11.011, P=0.003) differed between lactating MD and WTD.  
Papillae height was greater for lactating WTD than MD, but papillae density and GI 
length were greater for MD than WTD (Table 3.9).  SEF, rumen dry weight, and GI dry 
weight did not differ (P > 0.10) between lactating WTD and MD.  SEF, papillae height, 
papillae width, papillae density, rumen digesta dry weight, GI digesta dry weight, GI 
length, and GI tissue weight did not differ (P > 0.10) between non-lactating MD and 
WTD.      
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DISCUSSION 
EFFECTS OF FIRE ON GASTROINTESTINAL MORPHOLOGY 
Caution in extrapolation of site-specific comparisons of SEF is warranted because 
Lentle et al. (1997) reported a reduction of wall area of 0–39.5% from formalin used to 
preserve rumen-wall samples.  The reduction of wall area caused a change in density (i.e., 
SEF estimates) but had no effect on either height or width of papillae.  Because rumen 
wall samples of WTD and MD from the southern Black Hills were preserved in 10% 
buffered formalin for about 1 year before being analyzed, shrinkage would have occurred 
consistently for all samples.  Therefore, interspecific comparison between these species 
was justified, but comparisons of SEF among species from other studies could lead to 
erroneous conclusions.         
Loovas (1976) reported that suppression of fire in the Black Hills resulted in an 
increase in ponderosa pine stands and a decrease in secondary plant successional stages, 
which are critical habitats for MD and WTD.  Small burns of varying intensity can 
improve habitat for deer by creating temporary openings, improving shrub growth, and 
creating more diversity by changing the age structure of vegetation (Wallmo 1981).  
Despite the increase in plant diversity and growth, prescribed burns may have short-term 
negative effects on deer, because use of burned habitat may be limited during the first 
year post-fire (Lowe et al. 1978 as cited in Higgins et al. 1989, Dubreuil 2003).    
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During the first winter post-fire, female WTD in the SBH demonstrated an 
avoidance to all burned habitat (Dubreuil 2003).  WTD selected unburned habitat for both 
foraging and bedding; however, there was weak selection for ponderosa pine/grass-forb 
habitats, which were lightly burned.  Dubreuil (2003) postulated that this selection for 
unburned habitat was related to lack of both available cover and forage in severely 
burned habitat.  Irwin (1975) observed that within two growing seasons post-fire, WTD 
preferred periphery and unburned forest in winter and spring, while utilizing burned 
habitat in summer and fall.  Irwin (1975) suggested further, that peak deer response to 
burning may occur later in successional stages of forest regeneration.   
Papillae morphology and/or mucosal tissue enlargement of WTD in the SBH 
indicated that they were using some portions of the burn, in winter, because papillae 
height of pregnant WTD was greater in burned than in unburned habitat.  This increase in 
papillae structure and SEF occurred within 3 years post-fire.  Results also indicated that 
WTD were using the burn in summer as was previously documented by Irwin (1975).  
SEF of non-lactating WTD was greater in burned habitat than in unburned habitat, but 
SEF of lactating WTD was higher in unburned than in burned habitat.  Although these 
levels were statistically significant, the variation in SEF across species and reproductive 
groups indicated that they were probably not biologically meaningful.  
Despite the seemingly limited use of burned habitat by WTD, several authors 
suggest that MD may prefer newly burned habitat over unburned habitat (Davis 1977, 
Keay and Peek 1980, Roberts and Tiller 1985, Klinger et al.1989, Dubreuil 2003).  
Dubreuil (2003) reported that female MD in the SBH fed in areas with lower canopy 
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cover than female WTD.   In Idaho from January–May, MD selected 2-year-old burned 
Douglas-fir (Pseudotsuga menziesii)/ninebark (Physocarpus malvaceus) and ponderosa 
pine/bluebunch wheatgrass (Agropyron spicatum) habitat but not their unburned 
counterparts (Keay and Peek 1980).  Habitat use by MD and elk in the Snowy Range in 
southeastern Wyoming was greater in young burned areas with standing dead timber than 
in young clear cut areas with no standing dead timber (Davis 1977).  Within these 2 
habitats, species richness and quantity were similar for burned and logged habitats.  
However, the key component in habitat selection was cover, which was provided by 
standing dead timber.  In chaparral ecosystems, MD were more attracted to burned 
habitat than unburned habitat (Roberts and Tiller 1985).  Comparably, black-tailed deer 
(O. h. columbianus) in chaparral used burned areas more than unburned areas, but use 
was related to habitat structure, species composition, and proximity to oak (Quercus spp.) 
woodlands and grasslands (Klinger et al.1989).    
Differences in papillae structure and SEF of MD in the SBH indicate that MD 
were used burned habitat within the Jasper fire; SEF, papillae height, and papillae width 
were greater in burned than unburned habitat.  The mosaic pattern of the Jasper fire, 
created patches of burned and unburned habitat within the 35,000 ha.  Those patches 
provided areas of unburned habitat for thermal and predator protection and burned edge 
habitats with greater diversity and quality of forage.  The burned mosaic pattern of the 
Jasper fire was beneficial at the mucosal level for both WTD and MD within 3 years 
post-fire although winter use of burned habitat may have been limited for WTD. 
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Jenks et al. (1994) noted increased digesta in WTD from ranges with reduced 
digestibility of diets due to competitive interactions with cattle.  Heavier mass of rumen 
digesta also was reported in MD with consumption of low-quality diets compared to 
high-quality diets (Baker and Hobbs 1987).  Dry weights of rumen digesta of WTD, 
lactating WTD, MD, and non-lactating MD in the SBH was greater in unburned than 
burned habitat.  Heavier rumen digesta dry weight in unburned habitat may indicate a 
lower quality diet in unburned habitat than in burned habitat.  Jenks et al. (1994, 1996) 
reported reduced ruminal fill and greater intestinal fill in WTD on higher quality diets 
compared with those occurring sympatrically with cattle that consumed a lower quality 
diet.  My results indicate that rumen digesta dry weight and gastrointestinal digesta dry 
weight of WTD were greater in poorer quality habitat (i.e., unburned habitat) compared 
to that of high quality habitat in burned habitat in summer in the SBH.   
Propionic and butyric acids (VFA) are produced during fermentation of high-
quality diets, stimulating growth of papillae (Hofmann 1988).  These VFAs also may act 
in much the same manner to stimulate growth of intestinal tissue.  In winter, GI length of 
pregnant WTD in burned habitat was greater than in unburned habitat.  In summer, GI 
length of MD and lactating MD also was greater in burned compared to unburned habitat.  
Lack of thermal cover in winter in the burn may not have been a limiting factor for MD; 
however, WTD may have been more restricted by the sparse amount of vertical and 
horizontal vegetation remaining in more severely burned habitats.  White-tailed deer 
within the perimeter of the Jasper Fire may have used unburned and lightly burned 
habitat patches because of cover characteristics (Dubreuil 2003), while utilizing the 
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burned periphery of these regions for the increased availability of quality forage.  
Consequently, limited use of burned habitats may have been adequate to promote growth 
of papillae but not intestinal tissue.   
EFFECTS OF YEAR ON GASTROINTESTINAL MORPHOLOGY   
Papillae height of SBH WTD in winter was greater in 2003 than 2002, while both 
SEF and papillae height of lactating WTD were greater in 2003 than 2002.  Increase in 
papillae height and SEF are likely stimulated by forage with higher amounts of long 
chain VFAs; availability of these VFAs is a result of higher quality forage, in terms of 
succulent and starchy vegetation, as successional stages developed post fire from 2002 to 
2003.   
Ruminal and GI digesta dry weight were greater in 2002 than 2003 and in burned 
than unburned habitat.  Higher quality forage in 2003 due to fire, would have led to a 
reduction in the required amount of forage consumed.  A higher quality diet, with less 
fiber in 2003 also may have resulted in lower GI digesta weight from 2002 to 2003.  The 
supposition of a higher quality diet available in 2003 is further supported by a greater 
rumen digesta dry weight in 2002 than 2003 for non-lactating WTD.  Non-lactating 
females would not be limited by needs of lactation or care for young; therefore, they 
would have been able to forage at will without being constrained nutritionally due to milk 
production.   
Papillae height and width of lactating MD were greater in 2003 than 2002 further 
suggesting that forage quality was greater in 2003.  Unlike the pattern seen in WTD, 
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ruminal digesta dry weight for MD and lactating MD was greater in summer 2003 than 
summer 2002.  I hypothesized that this also may have been attributed to a lactational 
effect because 8 of 10 MD were lactating in 2003 compared to 6 of 10 in 2002.   
Furthermore, lowered retention time of food in the digestive tract occurs during seasons 
when newly emergent, succulent, and easily digested forages are consumed (Short 1981).      
EFFECTS OF SEASON ON GASTROINTESTINAL MORPHOLOGY 
Mucosal changes are related closely to seasonal changes in forage quality and 
quantity (Hofmann and Nygren 1992).  Total production of VFAs for free-ranging 
animals is lower in winter than summer because as availability of VFAs is reduced in 
winter (Mathiesen et al. 2000).  According to Short (1981), vegetation is used with 
greater efficiency for lipogenesis during summer and early autumn because succulent and 
starchy forage yield increased levels of propionic acid during rumen fermentation, which 
favors fat synthesis.  Short et al. (1966) also reported a significant difference in butyric 
acid levels in MD between winter and early spring compared with late spring and 
summer with levels greater in the latter.   
Seasonal variation in papillae morphology was evident in WTD in the SBH as 
because average height and width of papillae was 0.410 cm (SE=0.014) and 0.118 cm 
(SE=0.004), respectively, in winter and 0.660 (SE=0.022) and 0.177 cm (SE=0.006), 
respectively, in summer.  Short (1964, 1981) reported that average papillae height and 
width of adult WTD and MD as 10 and 2 mm, respectively.  Season, sex, nutritional 
condition of the deer and location of those measurements were not reported by Short 
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(1964, 1981).  Yet, these data (Short 1964,1981) represent the only reported papillae 
morphology measurements for WTD and MD.  
Seasonal variation in papillae morphology also was evident in MD because 
average height and width of papillae was 0.401 cm (SE=0.015) and 0.130 (SE=0.003), 
respectively, in winter and 0.587 cm (SE=0.015) and 0.177 cm (SE=0.005), respectively, 
in summer.  Average length of rumen papillae in moose (Alces alces) was 8.01 mm (SD 
0.9) in summer and 6.51 mm (SD 1.0) in winter (Hofmann and Nygren 1992).   A shorter 
papillae height in winter compared with summer also was reported in Norwegian reindeer 
(Rangifer tarandus tarandus); papillae length and perimeter were lower in March than 
September (Mathiesen et al. 2000). 
Changes in papillary length in moose caused the greatest seasonal reduction in 
surface area, followed by density (Hofmann and Nygren 1992).  Papillae density/cm2 was 
higher in March than September in Norwegian reindeer (Mathiesen et al. 2000).  Average 
number of papillae/cm2 in moose in summer and winter was 50.4 (SD=7.4) and 34.7 
(SD=65), respectively, and represented a 31% seasonal reduction (Hofmann and Nygren 
1992).  Papillae height of SBH MD was shorter and density greater in winter compared to 
summer.  Mathiesen et al. (2000) also found a greater density and shorter height of 
papillae adult female Norweigan reindeer in March compared to September. Hofmann 
and Nygren (1992) found a lesser density and shorter length of papillae in wild moose in 
winter compared to summer, although they combined data of males and females.  Soveri 
and Nieminen (1995) also reported seasonal effects in papillae size but failed to detect 
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seasonal effects on papillae density in reindeer calves; height was greater in November–
December compared with late April–early May.    
The SEF formula of Hofmann and Nygren (1992) accounts for height, width, and 
density of papillae.  In moose, decrease in rumen papillae per cm2 from summer to winter 
caused most of the seasonal reduction in SEF (Hofmann and Nygren 1992).  The SEF of 
WTD in the SBH, in winter and summer was 10.749 (SE=0.641) and 22.106 (SE=0.718), 
respectively, while that of MD in winter and summer was 13.069 (SE=0.621) and 21.924 
(SE=0.569), respectively.  Despite the lower density observed in MD in the SBH in 
summer, the SEF index was nearly twice the value in summer as winter for WTD and 
MD.  The seasonal reduction in SEF seen in MD and WTD was consistent with the 
absorptive surface reduction from summer to winter in moose, which also approached 
50% (Hofmann and Nygren 1992).   Mathiesen et al. (2000) noted that SEF throughout 
the rumen decreased from September to November in adult female Norwegian reindeer.  
In their study, diet quality did not change from September to November; therefore, the 
reduction in ruminal mucosa was attributed to a seasonal reduction in dry matter intake.   
Barboza and Bowyer (2000) stressed the need for research examining seasonal 
morphologic changes along the digestive tract in response to changes in dietary fiber and 
protein.  Short (1981) stated that less desirable forage available in winter causes a 
diminished ruminoreticular fill and a reduced VFA concentration.  Yet, when VFA 
concentration is greatest (in spring and summer), rumen contents are thick and heavy.  On 
a content basis, Short et al. (1966) described variation in seasonal diets of MD as 
relatively low in fiber in summer and relatively high in fiber in winter.  Short et al. (1966) 
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also demonstrated higher dry matter in February than August in MD.  Results for MD in 
the southern Black Hills support those of Short et al. (1966), because rumen dry weight 
was greater in winter than summer.  Although seasonal differences were observed in 
rumen dry matter of MD, there were no differences in rumen dry weight between seasons 
for WTD.   Female MD reduce food and gross energy intake during late autumn and 
winter, and increased intake in spring to meet demands of gestation and lactation (Short 
1981).   
Digesta dry weight of white-tailed deer in unburned habitat was greater in 
summer than winter.  Short (1981) and Barboza and Bowyer (2000) reported that 
retention time in the digestive tract is shortened when high quality forage is consumed by 
deer. The increase in of digesta dry weight also was related to lactation (Jenks et al. 
1994). 
 INTERSPECIFIC COMPARISON OF GASTROINTESTINAL MORPHOLOGY  
Papillae density, dry weight of rumen digesta, and GI length were greater in MD 
than for WTD in the SBH.  According to Short (1964), the larger size of the sheep and 
cow stomach allows a longer retention of food material so that more refractive fibrous 
food are digested.  The larger dry weight of digesta in MD indicated a potential for a diet 
containing more fibrous foods than that of WTD, which are less efficient at digesting 
fiber.  Prins and Geelen (1971) reported that the VFA composition of elk closely 
resembled the composition found in MD, while VFA composition in fallow deer (Dama 
dama) was more comparable to WTD, with higher fermentation rates in fallow deer than 
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elk.  With higher fermentation rates, retention time may have been less in WTD than MD. 
Therefore, a lengthened gastrointestinal tract might not have been necessary to maximize 
absorption in WTD on a high-quality diet.  Retention of digesta in the gastrointestinal 
tract increases with body size in deer (Barboza and Bowyer 2000), and the absolute 
amount of food required declines with body size (Geist 1981).  Greater weight of digesta 
in MD is likely correlated directly to their larger body size.       
EFFECTS OF REPPRODUCTION ON GASTROINTESTINAL MORPHOLOGY 
SEF, papillae height, and width were greater for lactating WTD then pregnant 
WTD; papillae density did not differ.  Changes in papillae morphology may be related 
directly to forage quality in summer compared to winter and not a function of 
reproductive status as supported by greater SEF, papillae height, and width in non-
lactating than to pregnant WTD and MD.  Rumen digesta dry weight and GI digesta dry 
weight were greater for lactating WTD than pregnant WTD.  Intestinal mass of cattle 
breeds on high-quality forage was greater for lactating than either nonlactating-pregnant 
or nonlactating-nonpregnant females (Tulloh 1966).  Although GI length and GI tissue 
weight could not be examined statistically, gastrointestinal length of lactating WTD was 
longer than that of pregnant and non-lactating WTD.  SEF, papillae height, papillae 
width, and GI digesta dry weight were greater for lactating MD than pregnant MD, but 
density was greater for pregnant MD than to lactating MD.   
Changes in reproductive demands may paralleled changes in intestinal capacity 
(Barboza and Bowyer 2000).  Requirements of increased demands for energy and protein 
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by lactating females would be met by selecting vegetation of higher quality and 
consuming a greater quantity of forage compared to their non-reproductive counterparts 
(Barboza and Bowyer 2000).  Tulloh (1966) reported that dry and wet weights of digesta 
in cattle were greater in lactating than non-lactating females.  Jenks et al. (1994) also 
reported greater weights of rumen contents in lactating than non-lactating WTD, which 
they considered supportive of a lactational effect.  
Papillae width, dry weight of rumen digesta, and dry weight of GI digesta were 
greater for lactating WTD than non-lactating WTD in the SBH.   After parturition, 
weights of the rumen, abomasum, intestines, and liver increase, which is mediated by 
increased food intake as a result of nutrient demands of lactation (Forbes 1986).  This 
also was demonstrated in MD because papillae height, dry weight of rumen digesta, dry 
weight of GI digesta, and GI length were greater for lactating MD than non-lactating MD.  
Perhaps papillae height is more important to MD than WTD; papillae can extend into the 
digesta mat whereas width is more important in WTD because papillae contact fermented 
VFAs within digesta to maximize absorption.  GI tissue weight and GI length could not 
be analyzed but Jenks et al. (1994) found GI length greater in lactating than non-lactating 
WTD.  Increases in quality and quantity of digesta would result in an increase in post-
ruminal segments of the digestive tract and liver (Barboza and Bowyer 2000).    
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Table 3.1.  Comparison of surface enlargement factor for reproductive and non-reproductive 
white-tailed deer between seasons, years, and habitats (burned and unburned) in the southern 
Black Hills, South Dakota, 2002–2003. Mean and standard error parenthetically.  Symbols:  
WTD: white-tailed deer; N/A-data analysis was not applicable.                                                                                  
 WTD Pregnant  Lactating Non-lactating 
Winter 10.7 (0.6) 10.7 (0.6) -- -- 
Summer 22.1 (0.7) -- 23.0 (0.8) 21.0 (1.3) 
P-value <0.001 N/A N/A N/A 
2002 16.0 (1.5) 10.0 (0.6) 23.0 (1.0) 20.6 (3.4) 
2003 16.4 (1.4) 11.5 (1.1) 23.2 (0.9) 21.1 (1.5) 
P-value >0.10 >0.1 0.027 >0.10 
Burn 16.5 (1.5) 10.8 (0.8) 23.0 (1.5) 22.8 (1.1) 
Unburn   15.8 (1.4)      10.7 (1.0)         23.1 (0.9)             17.5 (1.7) 
P-value >0.10 >0.1 0.021 0.093 
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Table 3.2. Comparison of rumen dry weight (kg) for reproductive and non-reproductive white-
tailed deer between seasons, years, and habitats (burned and unburned) in the southern Black 
Hills, South Dakota, 2002–2003. Mean and standard error, parenthetically.  Symbols:  WTD- 
white-tailed deer; N/A-data analysis was not applicable. 
 WTD Pregnant  Lactating Non-lactating   
Winter 0.43 (0.03) 0.43 (0.3) -- -- 
Summer 0.48 (0.02) -- 0.54 (0.03) 0.41 (0.02) 
P-value >0.10 N/A N/A N/A 
2002 0.49 (0.03) 0.44 (0.05) 0.55 (0.04) 0.51 (0.00) 
2003 0.42 (0.02) 0.41 (0.03) 0.53 (0.05) 0.39 (0.01) 
P-value 0.067 >0.10 >0.10 0.004 
Burn 0.41 (0.03) 0.39 (0.04) 0.47 (0.04) 0.41 (0.02) 
Unburn 0.50 (0.03) 0.47 (0.04) 0.59 (0.04) 0.42 (0.04) 
P-value 0.017 >0.10 0.015 >0.10 
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Table 3.3. Comparison of gastrointestinal digesta dry weight (g) for reproductive and non-
reproductive white-tailed deer between seasons, years, and habitats (burned and unburned) in the 
southern Black Hills, South Dakota, 2002–2003.  Mean and standard error, parenthetically.  
Symbols: WTD- white-tailed deer; * significant main effect interaction; N/A data analysis was 
not applicable. 
 WTD Pregnant  Lactating Non-lactating 
Winter 295.7 (14.1) 295.7 (14.1) -- -- 
Summer 375.5 (28.7) -- 467.5 (28.8) 263.0  (14.1) 
P-value * N/A N/A N/A 
2002 420.8 (38.1) No sample 455.9 (37.0) 280.1 (46.6) 
2003 312.1 (20.1) 295.7 (14.1) 498.2 (42.2) 258.1 (14.8) 
P-value 0.078 N/A >0.10 >0.10 
Burn 313.6 (26.2) 323.6 (37.4) 498.5 (16.1) 263.9 (18.7) 
Unburn 378.6 (29.1) 427.4 (38.4) 413.1 (71.8) 261.3 (24.9) 
P-value * >0.10 >0.10 >0.10 
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Table 3.4. Comparison of gastrointestinal length (m) for reproductive and non-reproductive 
white-tailed deer between seasons, years, and habitats (burned and unburned) in the southern 
Black Hills, South Dakota, 2002–2003.  Mean and standard error parenthetically. Symbols: 
WTD-white-tailed deer; * significant main effect interaction; ** significant covariate and main 
effect interaction; N/A  data analysis was not applicable. 
 WTD Pregnant  Lactating Non-lactating 
Winter 22.5 (0.5) 22.5 (0.5) -- -- 
Summer 24.2 (0.6) -- 25.2 (0.9) 22.9 (0.4) 
P-value ** N/A N/A N/A 
2002 25.3 (1.0) No sample 25.6 (1.2) 24.2 (0.5) 
2003 22.8 (0.4) 22.5 (0.5) 24.4 (0.8) 22.6 (0.5) 
P-value ** N/A >0.10 >0.10 
Burn 24.0 (0.7) 23.6 (0.3) 26.6 (2.1) 22.6 (0.6) 
Unburn 23.2 (0.6) 21.6 (0.8) 24.4 (0.8) 23.6 (0.2) 
P-value 0.584 ** >0.10 >0.10 
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Table 3.5.  Comparison of surface enlargement factor for reproductive and non-reproductive mule 
deer between seasons, years, and habitats (burned and unburned) in the southern Black Hills, 
South Dakota, 2002–2003.  Mean and standard error parenthetically.  Symbols:  MD-mule deer; 
**  significant covariate and main effect interaction; N/A  data analysis was not applicable. 
 MD Pregnant  Lactating Non-lactating 
Winter 13.1 (0.6) 13.3 (0.7) -- -- 
Summer 21.9 (0.6) -- 22.6 (0.7) 20.3 (0.9) 
P-value <0.001 N/A N/A N/A 
2002 16.7 (1.0) 13.0 (1.1) 21.2 (0.7) 20.7 (0.6) 
2003 18.1 (1.3) 13.6 (0.9) 23.7 (1.0) 19.5 (2.8) 
P-value >0.10 ** >0.10 N/A 
Burn 18.7 (1.0) 15.4 (0.8) 23.5 (0.9) 21.7 (1.0) 
Unburn 16.1 (1.2) 11.3 (0.5) 20.5 (0.8) 20.1 (1.7) 
P-value 0.015 0.001 >0.10 >0.10 
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Table 3.6. Comparison of rumen dry weight (kg) for reproductive and non-reproductive mule 
deer between seasons, years, and habitats (burned and unburned) in the southern Black Hills, 
South Dakota, 2002–2003.  Mean and standard error parenthetically.  Symbols:  MD-mule deer; * 
significant main effect interaction; N/A data analysis was not applicable. 
 MD Pregnant  Lactating Non-lactating 
Winter 0.72 (0.04) 0.70 (0.04) -- -- 
Summer 0.62 (0.05) -- 0.71 (0.05) 0.42 (0.07) 
P-value * N/A N/A N/A 
2002 0.60 (0.04) 0.65 (0.04) 0.55 (0.04) 0.37 (0.09) 
2003 0.75 (0.07) 0.75 (0.07) 0.83 (0.06) 0.53 (0.08) 
P-value * >0.10 0.007 N/A 
Burn 0.64 (0.05) 0.71 (0.03) 0.71 (0.08) 0.29 (0.04) 
Unburn 0.70 (0.04) 0.68 (0.07) 0.71 (0.07) 0.56 (0.06) 
P-value 0.063 >0.10 >0.10 0.047 
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Table 3.7. Comparison of gastrointestinal digesta dry weight (g) for reproductive and non-
reproductive mule deer between seasons, years, and habitats (burned and unburned) in the 
southern Black Hills, South Dakota, 2002–2003.  Mean and standard error parenthetically.  
Symbols: MD-mule deer; * significant main effect interaction; ** significant covariate and main 
effect interaction; N/A data analysis was not applicable. 
 MD Pregnant  Lactating Non-lactating 
Winter 476.2 (33.4) 461.8 (33.3) -- -- 
Summer 424.1 (41.7) -- 518.5 (39.1) 235.3 (16.3) 
P-value ** N/A N/A N/A 
2002 398.3 (47.7) 352.4 (N=1) 514.0 (45.3) 236.2 (10.4) 
2003 471.7 (35.5) 473.9 (34.7) 523.0 (68.4) 233.5 (57.8) 
P-value N/A >0.10 * N/A 
Burn 427.0 (37.9) 486.2 (18.9) 457.3 (49.8) 233.1 (14.1) 
Unburn 457.6 (42.9) 445.4 (55.3) 562.3 (53.5) 237.5 (33.6) 
P-value >0.10 >0.10 * >0.10 
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Table 3.8.  Comparison of gastrointestinal length (m) for reproductive and non-reproductive mule 
deer between seasons, years, and habitats (burned and unburned) in the southern Black Hills, 
South Dakota, 2002–2003.  Mean and standard error parenthetically.  Symbols:  MD-mule deer; * 
significant main effect interaction; N/A  data analysis was not applicable. 
 MD Pregnant  Lactating Non-lactating 
Winter 26.1 (0.7) 26.1 (0.8) -- -- 
Summer 26.8 (0.8) -- 28.2 (0.9) 23.8 (0.6) 
P-value * N/A N/A N/A 
2002 25.8 (0.8)  26.8 (1.1) 24.2 (0.4) 
2003 27.0 (0.8)  29.4 (1.4) 23.1 (2.0) 
P-value >0.10 N/A ** N/A 
Burn 27.5 (0.9) 25.9 (0.3) 30.3 (1.5) 24.5 (0.4) 
Unburn 25.7 (0.7) 26.4 (1.7) 26.4 (0.7) 23.2 (1.1) 
P-value * >0.10 0.053 >0.10 
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Table 3.9.  Comparison of surface enlargement factor, papillae height, papillae width, papillae 
density, rumen and gastrointestinal digesta dry weight, and gastrointestinal length between 
reproductive groups of white-tailed and mule deer in the southern Black Hills, South Dakota, 
2002–2003.  Mean and standard error parenthetically.  Symbols: ** significant covariate and 
main effect interaction. 
 
Surface 
enlargement 
factor 
Papillae 
height  
(cm) 
Papillae 
width 
(cm) 
Papillae 
density 
(#/cm2) 
Rumen 
digesta 
weight 
 (kg) 
Gastrointestinal 
digesta dry 
weight   (g) 
Gastro-
intestinal 
length (m) 
White-
tailed deer 
16.16    
(1.01) 
0.53   
(0.02) 
0.15 
(0.01) 
87.87     
(3.18) 
0.45       
(0.02) 
347.16     
(20.20) 
23.59        
(0.45) 
Mule deer 
17.39   
(0.82) 
0.49   
(0.02) 
0.15 
(0.01) 
101.45   
(2.24) 
0.67       
(0.03) 
443.88     
(28.78) 
26.59        
(0.60) 
P-value >0.10 >0.10 >0.10 0.003 <0.001 ** 0.007 
Pregnant 
white-
tailed deer 
10.75   
(0.64) 
0.41   
(0.01) 
0.12 
(0.00) 
88.32     
(5.18) 
0.43       
(0.03) 
295.72     
(14.10) 
22.48        
(0.53) 
Pregnant 
mule deer 
13.33   
(0.68) 
0.41   
(0.02) 
0.13 
(0.00) 
104.36   
(3.31) 
0.70       
(0.04) 
461.78     
(33.33) 
26.14        
(0.83) 
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P-value 0.012 >0.10 0.020 0.024 0.004 0.055 >0.10 
Table 3.9.  Continued. 
 
 
Surface 
enlargement 
factor 
Papillae 
height  
(cm) 
Papillae 
width 
(cm) 
Papillae 
density 
(#/cm2) 
Rumen 
digesta 
weight 
 (kg) 
Gastrointestinal 
digesta dry 
weight   (g) 
Gastro-
intestinal 
length (m) 
Lactating 
white-
tailed deer  
23.02   
(0.75) 
0.69   
(0.02) 
0.19 
(0.01) 
80.54     
(3.79) 
0.54       
(0.03) 
467.46     
(28.81) 
25.24        
(0.92) 
Lactating 
mule deer  
22. 61   
(0.71) 
0.61   
(0.02) 
0.19 
(0.01) 
92.71     
(3.71) 
0.71       
(0.05) 
518.52     
(39.11) 
28.22            
(0.93) 
P-value >0.10 0.025 ** 0.058 >0.10 >0.10 0.003 
Non-
lactating 
white-
tailed deer  
20.99   
(1.25) 
0.63   
(0.04) 
0.16 
(0.01) 
95.74     
(5.63) 
0.41       
(0.02) 
263.03     
(14.08) 
22.94        
(0.43) 
Non-
lactating 
mule deer  
20.33   
(0.86) 
0.54   
(0.03) 
0.16 
(0.01) 
106.53   
(3.11) 
0.42       
(0.07) 
235.29     
(16.31) 
23.85        
(0.61) 
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P-value >0.10 >0.10 >0.10 >0.10 >0.10 >0.10 >0.10 
 
 
CHAPTER 4  
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INTRODUCTION 
 Since the early 1900s the United States Department of Agriculture Forest Service 
has managed the Black Hills National Forest (BHNF) in western South Dakota as a forest 
preserve.  Management focused on timber production, livestock grazing, and winter range 
for wild cervids, during which suppression of fire became an important component of 
vegetation management (Larson and Johnson 1999).  Suppression of wild fire and 
emphasis on timber production created climax stands of ponderosa pine (Pinus 
ponderosa) resulting in a decrease in quantity and diversity of understory vegetation 
(Larson and Johnson 1999).  In addition, fire suppression prevented natural recurrent 
changes, which are required by plant communities leading to suppressed, pole-sized, 
ponderosa pine stands (Gartner and Thompson 1972).   Historically, fire in the Black 
Hills was likely effective in maintaining large or small grassland parks within the 
ponderosa pine forest (Gartner and Thompson 1972).  
 Leopold et al. (1947) reported that the Harney National Range (currently the 
Black Hills National Forest) in western South Dakota, was a chronic area of deer 
overpopulation.  White-tailed deer (WTD) in this area exhibited malnutrition due to 
overbrowsing of habitat, canopy closure, and fire suppression.  Research in the 1990s 
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indicated that WTD populations in northern and central Black Hills had declined since 
the late 1970s likely due to habitat deterioration (Griffin et al. 1992, Griffin 1994, 
DePerno 1998).  In the 1990s, nutritional condition studies of WTD were conducted in 
the northern and central Black Hills to determine status and relationship of deer to current 
habitat conditions (Osborn 1994, Hippensteel 2000).  Results indicated that deer in the 
Black Hills were in poor nutritional condition and exhibited low reproductive rates likely 
due to reduced habitat quality.  Management recommendations to improve WTD 
condition included pine thinning, pine litter reduction, increase in deciduous habitats, 
increase in forage biomass, and tall shrub–sapling densities (Osborn 1994, DePerno 1998, 
Hippensteel 2000) all of which could be accomplished through burning.  Gartner and 
Thompson (1972) speculated that use of fire in the Black Hills would lead to more 
productive grasslands with maximum species diversity, more productive forests with 
diverse understories, better wildlife habitat, increased water production, decreased 
wildfire protection, and aesthetic enhancement.  Conversely, thinning would improve 
germination of pine seed, resulting in a dense stand of vigorous pine seedlings.       
  Thompson et al. (1991) indicated that opening overstory canopies in forested 
habitats would improve habitat characteristics for WTD.  Prescribed fire in grassland and 
mountain shrub communities also improved winter nutrition of mule deer and mountain 
sheep by elevating concentrations of protein and in vitro digestibility (Hobbs and 
Spowart 1984).  Crude protein and digestibility reach their maximum in emergent 
herbaceous vegetation (Verme and Ullrey 1984) of which 13–22% of the former is 
required for maintaining lactation in deer (Ullrey et al. 1967).  Deposition of fat and 
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muscle development occurs in ungulates with an high intake of energy and protein.  Fat 
reserves are utilized when diets are below levels of maintenance  (Stephenson et al. 2002) 
and are ecologically important to ungulates as energy reserves for winter survival.  
Additional factors contributing to body condition, via fat and muscle reserves, include 
behavioral activity, reproduction, disease, and stress (Stephenson et al. 2002).   
 On 24 August 2000, an anthropogenic fire burned 34,821 ha in the SBH.   The 
Jasper wildfire was the largest fire recorded in the Black Hills and it consumed 7% of the 
BHNF (Jasper Fire Rapid Assessment 2000).  Burn intensity varied from unburned and 
low intensity burn (24% of fire area) to moderate intensity burn (32%) to high-intensity 
burn (24%).  In the southern Black Hills, MD and WTD occur sympatrically with elk and 
cattle (i.e., seasonally).   
 The objectives of this study were to 1) determine seasonal and annual diet 
composition of WTD, MD, elk, and cattle in burned and unburned habitat, 2) determine 
seasonal and annual variation in diet quality of MD and WTD in burned and unburned 
habitat, 3) determine dietary overlap of MD, WTD, elk, and cattle, 4) estimate forage 
removal of MD, WTD, elk, and cattle in burned and unburned habitat, 5) compare diet 
composition and quality of WTD in the SBH to WTD in the northern and central Black 
Hills, and 6) document 1-3 year post fire response of vegetation in burned habitat.   
STUDY AREA 
  The Black Hills are located in west-central South Dakota and northeastern 
Wyoming.  The Black Hills are the most eastern extension of the Rocky Mountains and 
are a mountainous island surrounded by grassland and sagebrush (Artemisia sp.) steppe 
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ecosystems (Petersen 1984, Larson and Johnson 1999).  Topography in the Black Hills 
ranges from steep ridges, rock outcrops and caves, canyonlands and gulches, to rolling 
hills, upland prairies, and tablelands (Froiland 1990).  Elevation ranges from 973–2,202 
m above sea level with mean average temperatures ranging from 5 to 9 º C with low and 
high extremes of – 40 to 44 º C, respectively (Orr 1959). My study area was located in 
the southern Black Hills (SBH) of South Dakota, on the southern edge of the Custer 
Limestone Plateau, in northern Custer and southern Pennington counties.     
White-tailed and MD occur sympatrically in the southern Black Hills and use 
separate winter and summer ranges (Dubreuil 2003).   Ponderosa pine dominates the 
Black Hills, comprising about 84% of the overstory canopy (Rumble and Anderson 
1996); remaining canopy consists of small stands of white spruce (Picea glauca) and 
quaking aspen (Populus tremuloides) in higher elevations (Thilenius 1972, Severson and 
Thilenius 1976, Sieg and Severson 1996).  The southwestern portion of the winter range 
is characterized by ponderosa pine/mountain mahogany/Rocky Mountain juniper (Pinus 
ponderosa/Cercocarpus montanus/Juniperus scopulorum).  Understory vegetation on 
winter range comprises big bluestem (Andropogon gerardii), buffalograss (Buchloe 
dactyloides), fringed sagewort (Artemesia frigida), along with snowberry 
(Symphoricarpus albus), serviceberry (Amelanchier alnifolia), cherry species (Prunus 
sp.), and common juniper (Juniperus communis) (Thilenius 1972, Severson and Thilenius 
1976, Dubreuil 2003).  Dominant understory vegetation on summer range is composed of 
snowberry, serviceberry, Oregon grape (Berberis repens), bearberry (Arctostphylos uva-
ursi), and a variety of grass and forb species (Thilenius 1972, Severson and Thilenius 
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1976, Dubreuil 2003).  Seasonal availability of shrubs in the SBH range from 0.62% in 
winter to 1.01% in summer, which sets forth limitations in tall shrub/sapling availability 
for deer for utilization as thermal cover, forage, and concealment of neonates (Deperno 
1998, Dubreuil 2003).  Female WTD in the SBH select pine, pine-spruce and pine-aspen 
habitats with grass-forb understories as foraging areas (Dubreuil 2003).  
METHODS 
FIELD METHODS 
In summer 2001, habitat variables were measured on 412 randomly selected 
(compute generated Universal Transverse Mercator [UTM]) sites within the study area, in 
burned and unburned habitat (Dubreuil 2003).  Percent ground cover was determined 
using 15, 1-m2 Daubenmire (1959) plots that were placed within a 400-m2 area, using the 
computer generated UTMs as the plot center (DePerno 1999, Dubreuil 2003).  
Daubenmire (1959) cover classes were used to determine percent ground cover of 
collective grasses and forbs, bare ground, litter, rock, slash, and individual shrub and tree 
species. Of those locations within the perimeter of burned habitat, 33 locations were 
selected from light surface, severe surface, and crown habitats, previously classified in 
2000.  During summers 2001-2003, these 99 locations within burned habitat were 
revisited and Daubenmire cover classes were used to estimate ground cover of 
vegetation.     
Fecal samples from WTD, MD, and elk were collected at 2-week intervals from 
early January to early April in burned and unburned habitat on winter range in 2002 and 
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2003.  From the beginning of June through the end of August, fecal samples from WTD, 
MD, elk, and cattle were collected at 2-week intervals in burned and unburned habitat on 
summer range in 2002 and 2003.  From the end of August until mid-October of 2002 and 
2003, fecal samples were collected from elk and cattle.  Fecal samples from elk were 
only collected in burned habitat on winter range, but fecal samples from cattle were 
collected in burned and unburned habitat on winter range.  A minimum of 15 samples 
was collected per species/2 week period/habitat/season/year.  Because WTD and MD 
occur sympatrically in the southern Black Hills, feces were collected from individuals 
that were visually observed defecating or by tracking individuals.  Feces were stored 
frozen until analyzed. 
ANALYTICAL METHODS 
Fecal samples were dried at 60 º C (Hinnant and Kothmann 1988), blended 
(Davitt and Nelson 1980), and composited (Jenks et al. 1989) by equal weight to form 
one sample/species/habitat/2-week period.  Microhistological analysis (Davitt and Nelson 
1980) and area measurement methods (Stewart 1967) were used to determine dietary 
composition.  Prepared samples were mounted on 5 microscope slides and 20 random 
observations performed on each slide, for a total of 100 observations per diet (Holecheck 
and Vavra 1981).  Slides were examined under 100x magnification (Stewart 1967).  
Holecheck and Vavra (1981) determined that this methodology adequately sampled 
species comprising !10% of the diet within 20% of the mean at 90% confidence.  This 
method also sampled species comprising " 5% of the diet but with less accuracy.  
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Concentration of fecal nitrogen (semi-micro Kjeldahl methods [Jackson 1958]) and fecal 
phosphorous (colorimetric analysis [Bolin and Standburg 1944]) were determined in 
composite samples by Analytical Services, Station Biochemistry, South Dakota State 
University.   
STATISTICAL METHODS  
All dietary composition data were multiplied by 0.01 then arc-sine transformed 
after taking the square root (Massey et al. 1994).  Lilliefor’s test was used to evaluate 
data for normality; nonnormal data were rank transformed (Conover and Iman 1981).  
Analysis of variance was used to test each dietary component, FN, and FP for main and 
interactive effects of habitat, year, period, and season.  Significance was set at P < 0.05.  
Dietary overlap was calculated using Czekanowski’s Index (Schoener 1974): 
        PS  =  ! min (piqi)*100
i=1
where:  PS= percent similarity, pi= proportion of ith species in ungulate number 1’s diet, 
and qi= proportion of ith species in ungulate number 2’s diet. 
   Dietary overlap of all plant species consumed was calculated for WTD, MD, and 
elk using burned and unburned habitat in winter; WTD, MD, elk, and cattle using burned 
and unburned habitat in summer; and elk and cattle using burned habitat in autumn.  
Dietary overlap also was calculated on a gram dry weight basis for major forage species 
consumed in burned and unburned habitat in winter and summer.  Average digesta weight 
of 2.70 for WTD and 3.95 kg for MD was determined from data collected in this study.  
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An estimate of 17% dry matter content of digesta was used to calculate a total of 459 and 
671 g digesta dry matter for WTD and MD, respectively.  For cattle, average size of a 
cow of 450 kg with average digesta fill of 17.82% of body weight and 10% dry matter 
content of digesta (8,019 g) was obtained from Parra (1978).  Nelson and Leege (1982) 
presented information on average size of an elk cow (236 kg) and Beck and Peek (2000) 
estimated dry matter intake of elk at 2.5% of body weight.  Thus, dry matter intake for 
elk was estimated at 5,900 g.  Percent of each plant species consumed was multiplied by 
grams dry weight of rumen contents of each ungulate to determine grams consumed per 
plant species per ungulate.  Czekanowski’s Index (Schoener 1974) also was used to 
determine diet similarity in grams.   
To estimate forage removal, diet overlap (g) of pairs of ungulates (e.g., WTD and 
MD) was divided by dry matter digesta weight (g) of each of the 2 species.  Grams 
consumed per plant species per ungulate also was used to estimate forage removal of 
each ungulate species.  For each major plant species consumed by ungulate pairs, grams 
of forage consumed for the larger ungulate (x) was divided by the grams of forage 
consumed for the smaller ungulate (y).  For example in burned habitat in winter MD 
consumed 25.1 g of Prunus sp. and WTD consumed 44.11 g of Prunus sp.  Because body 
size of MD is greater than body size of WTD, 25.10/ 44.11 = 0.57; therefore, 1 mule deer 
consumed an equal amount of Prunus sp. as 0.57 WTD.  The average of all plant species 
consumed resulted in a ratio of x/y for each pair of ungulates examined.  Because plant 
species availability differed between burned and unburned habitats, the ratio for each 
plant species in the diet was calculated to reflect the ratio of the plant species in the 
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habitat.  For example, cover of Prunus sp. across all three burn types in 2003 averaged 
0.37% whereas cover of Prunus sp. in unburned habitat averaged 0.05%.  The ratio of 
plant species cover 0.37/0.05 or 7.4 was multiplied by 0.57 (ratio of plant species 
consumed for the pair of ungulates), which equaled 4.21.  Thus, in burned habitat in 
winter, 1 MD would have consumed the same amount of Prunus sp. as 4.21 WTD.     
Because pine and grass are ubiquitous in the southern Black Hills, only major forb 
and shrub species in the diet were used to estimate forage removal between deer and elk.  
Hofmann (1988) classified elk as an intermediate-mixed feeder and cattle as a grass- 
roughage feeder.  Because grass is an important shared forage of these 2 species, major 
grass species, in addition to shrub and forb species, were used to estimate forage removal.  
Estimates of forage removal for each ungulate pair was compared between burned and 
unburned habitat.   
 
RESULTS 
VEGETATION RESPONSE 
 Response of collective grasses was the greatest in light and severe surface burns 
and ranged from 1.8-24.2% and 1.6-22.2%, respectively from 2001-2003.  Litter 
increased the greatest in light and severe surface burns, although slash increase was 
greatest in crown fire areas (Tables 4.1–4.3).  Collective forbs, B. repens, 
Symphoricarpos sp., and Rosa sp., demonstrated the greatest response in crown fire 
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habitats (Table 4.3).  Artemisia sp. increased the greatest in light surface burns (Table 
4.1).  Remaining shrub species were <1% in all fire types by 2003 (Tables 4.1–4.3). 
 Grass and forb cover in all 3 fire types, surpassed that in unburned habitat within 
2 years post fire (Tables 4.1–4.4).  Litter cover in all 3 burn types surpassed litter cover in 
unburned habitat by 2001 (Tables 4.1–4.4).  Throughout all 3 years examined, J. 
scopularium, J. communis, and C. montanus in burned habitat did not achieve cover 
percentages equal to those examined in unburned habitat in 2001 (Tables 4.1-4.4).   
MULE AND WHITE-TAILED DEER DIET COMPOSITION AND QUALITY 
Means and standard errors of all vegetation components of MD and WTD diets in 
burned and unburned habitat throughout winter and summer are in Appendices 1–4.  
Bouteloua gracilis (F1,29=5.428, P=0.027) and P. ponderosa(F1,29=5.566, P=0.025) in 
MD and B. gracilis (F1,40=15.706, P<0.001) in WTD differed by year.  Bouteloua 
gracilis in MD and WTD diets was greater in 2003 than 2002 (Tables 4.5 and 4.6 ). Pinus 
ponderosa in MD diets was greater in 2002 than 2003 (Table 4.6).  Total forb, total grass, 
C. montanus, S. occidentalis, total shrub, fecal nitrogen, and fecal phosphorous in MD 
and total forb, S. comata, Prunus sp., S. occidentalis, total shrub, FN, and FP in WTD did 
not differ (P > 0.05) between years (Tables 4.5 and 4.6).   
Fecal nitrogen (F1, 27=101.832, P<0.001), FP (F1, 27=123.311, P<0.001), total forb 
(F1,29=12.991, P=0.001), B. gracilis (F1,29=7.128, P=0.012), and S. occidentalis 
(F1,29=12.457, P=0.001) of MD and total forb (F1,40=31.351, P<0.001), B. gracilis 
(F1,40=6.053, P=0.018), S. occidentalis (F1,40=36.637, P<0.001), total shrub 
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(F1,40=12.695, P=0.001), FN (F1,40=57.264, P<0.001), and FP (F1,40=86.485, P<0.001) of 
WTD differed by season.  Total forb, S. occidentalis, FN, and FP of MD and total forb, S. 
occidentalis, total shrub, FN, and FP of WTD were greater in summer than winter 
(Tables 4.7 and 4.8).  Boutelou gracilis of MD and WTD diets was greater in winter than 
summer (Tables 4.7 and 4.8).  Total grass and C. montanus in MD and S. comata in WTD 
did not differ (P > 0.05) by seasons (Tabels 4.7 and 4.8).  Fecal nitrogen (F1,27=4.745, 
P=0.038) of MD and B. gracilis (F1,40=8.049, P=0.007) and total forb (F1,40=5.795, 
P=0.021) of WTD diets differed  by habitat (Table 4.8).  Fecal nitrogen of MD and B. 
gracilis and total forb in WTD diets were greater in burned than unburned habitat (Tables 
4.9 and 4.10).  Total forb, B. gracilis, total grass, C. montanus, S. occidentalis, and FP in 
MD, and P. smithii, S. comata, total grass, P. ponderosa, S. occidentalis, total shrub, FN, 
and FP in WTD did not differ (P < 0.05) by habitat (Tables 4.9 and 4.10). 
  The season by year interaction was significant for total grass (F1,40=17.279, 
P<0.001), P. ponderosa (F1,40=5.459, P=0.025), P. smithii (F1,36=7.819, P=0.008), and B. 
repens (F1,40=18.122, P<0.001) in WTD diets.  In winter, total grass in WTD diets was 
greater (F1,24=7.516, P=0.011) in 2003 (!=39.855 ± 1.333) than 2002 (!=28.853 ± 
2.094).  Pinus ponderosa in WTD diets was greater (F1,24=16.695, P<0.001) in 2002 
(!=8.991 ± 1.588) than 2003 (!=2.663 ± 0.868).  In 2002, total grass in WTD was 
greater (F1,22=4.296, P=0.050) in summer (!=34.613 ± 1.403) than winter (!=28.853 ± 
2.094).  In 2002, P. ponderosa in WTD was greater (F1,22=28.301, P<0.001) in winter 
(!=22.109 ± 2.964) than summer (!=5.155 ± 0.317), and P. smithii was greater 
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(F1,22=43.063, P<0.001) in summer (!=12.892 ± 0.716) than winter (!=2.352 ± 1.068).   
In 2003, total grass (F1,22=25.136, P<0.001) and P. ponderosa(F1,22=54.212, P<0.001)  in 
WTD diets were greater in winter (total grass: !=39.855 ± 1.333; P. ponderosa: 
!=11.664 ± 1.020) than in summer (total grass: !=31.157 ± 1.110; P. ponderosa: 
!=4.754 ± 0.239), and P. smithii (F1,22=3183.385, P<0.001) and B. repens (F1,22=27.955, 
P<0.001) were greater in summer (P. smithii: !=14.385 ± 0.484; B. repens: !=9.071 ± 
0.326) than winter (P. smithii: !=0.000 ± 0.000; B. repens: !=2.663 ± 0.868).   
The habitat by season interaction was significant for P. ponderosa (F1,29=4.482, 
P=0.043) and total shrubs (F1,29=6.791, P=0.014) in MD and Prunus sp. (F1,40=9.840, 
P=0.003) and B. repens (F1,40=18.122, P<0.001) in WTD.  In winter, total shrub 
(F1,22=25.196, P<0.001) in MD diets and B. repens (F1,24=7.194, P=0.013) in WTD diets 
were greater in unburned (total shrub: !=48.651 ± 1.399; B. repens: !=8.310 ± 1.670) 
than burned habitat (total shrub: !=33.842 ± 2.545; B. repens: !=3.458 ± 1.093), and P. 
ponderosa (F1,22=4.934, P=0.037) in MD and Prunus sp. (F1,24=15.002, P=0.001) in 
WTD diets were greater in burned (P. ponderosa: !=13.167 ± 2.270; Prunus sp.: 
!=9.606 ± 0.946) than unburned (P. ponderosa: !=7.372 ± 1.542; Prunus sp.:!=3.907 
± 0.870) habitat.  In burned habitat, P. ponderosa(F1,17=8.786, P=0.009) in MD and 
Prunus sp. (F1,22=10.948, P=0.003) in WTD were greater in winter (P. ponderosa: 
!=13.167 ± 2.270; Prunus sp.: !=9.606 ± 0.946) than summer (P. ponderosa: !=4.896 
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± 1.092; Prunus sp.: !=6.226 ± 0.214), and B. repens in WTD was greater 
(F1,22=18.549, P<0.001) in summer (!=9.099 ± 0.336) than winter (!=3.458 ± 1.093). 
ELK AND CATTLE DIET COMPOSITION AND QUALITY 
Means and standard errors of all vegetation components of elk and cattle in 
burned and unburned habitat throughout winter and summer are listed in Appendices 1-4.  
Bouteloua gracilis, S. comata, and B. repens in elk and Trifolium sp., total forb, B. 
inermis, Muhlenbergia sp., P. smithii, Poa sp., S. comata, B. repens, and total shrub in 
cattle did not differ (P > 0.05) between years (Tables 4.11 and 4.12).  Fecal nitrogen (F1, 
40=24.838, P<0.001) of elk and Trifolium sp. (F1, 28=236.123, P<0.001), total forb (F1, 
28=43.243, P<0.001), Bromus inermis (F1, 28=20.745, P<0.001), Muhlenbergia sp. (F1, 
28=24.932, P<0.001), Poa sp. (F1, 28=22.864, P<0.001), Stipa comata (F1, 28=19.564, 
P<0.001), B. repens (F1, 28=28.923, P<0.001), and total shrub(F1, 28=30.445, P<0.001) of 
cattle differed between seasons.  Fecal nitrogen levels of elk were greater in summer than 
winter (Table 4.13).  Trifolium sp., Muhlenbergia, and total forb in cattle diets were 
greater in summer than fall, but B. inermis, Poa sp., S. comata, B. repens, and total shrub 
in cattle were greater in fall than summer (Tables 4.14).  Boutelous gracilis, S. comata, 
and B. repens in elk and P. smithii in cattle did not differ (P > 0.05) by seasons (Tables 
4.13 and 4.14).  Total forb, B. gracilis, Carex sp., S. comata, B. repens, and FN in elk and 
Trifolium sp., total forb, B. inermis, Carex sp., Muhlenbergia sp., P. smithii, Poa sp., S. 
comata, total grass, B. repens, and total shrub in cattle did not differ (P > 0.05) between 
habitats (Tables 4.15 and 4.16).     
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The season by year interaction was significant for Carex sp. (F1, 40=15.660, 
P<0.001), P. smithii (F1, 40=15.054, P<0.001), and total forb (F1, 40=16.060, P=0.001) in 
elk diets and Carex sp. (F1, 28=5.043, P=0.033) and total grass (F1, 28=4.555, P=0.042) in 
cattle diets.  In 2002, P. smithii (F1, 22=20.272, P<0.001) and total forb (F1,22=9.013, 
P=0.007) consumption of elk diets were greater in summer (P. smithii: !=12.695 ± 1.546; 
total forb: !=27.784 ± 3.586) than winter (P. smithii: !=3.541 ± 1.403; total 
forb:!=14.374 ± 2.969), and Carex sp. in cattle diets was greater (F1, 16=45.588, P<0.001) 
in summer (!=19.357 ± 0.647) than fall (!=12.847 ± 0.599).  In 2003, Carex sp. in elk 
diets was greater (F1, 22=16.124, P=0.001) in winter (!=19.595 ± 2.536) than summer 
(!=4.856 ± 1.576) but total forb was greater (F1, 22=126.809, P<0.001) in summer 
(!=29.213 ± 2.682) than winter (!=2.172 ± 0.648).  In 2003, Carex sp. (F1, 16=86.047, 
P<0.001) and total grass (F1, 16=7.112, P=0.017) in cattle diets were greater in summer 
(Carex sp.:!=22.084 ± 0.605; total grass: !=69.591 ± 1.033) than fall (Carex 
sp.:!=12.205 ± 0.943; total grass: !=64.043 ± 2.103).  In summer, Carex sp. (F1, 
22=9.538, P=0.005) and total grass (F1, 22=9.798, P=0.005) consumption by cattle were 
greater in 2003 (Carex sp.: !=22.084, SE=0.605; total grass: !=69.591 ± 1.033) than 
2002 (Carex sp.: !=19.357 ± 0.647; total grass: !=65.700 ± 0.692).   In winter, Carex sp. 
(F1, 24=72.944, P<0.001) and P. smithii (F1, 24=10.136, P=0.004) consumption by elk 
were greater in 2003 (Carex sp.: !=19.595 ± 2.536; P. smithii: !=15.101 ± 2.656) than 
2002 (Carex sp.: !=0.333 ± 0.180; P. smithii: !=3.541 ± 1.403), but total forb 
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consumption was greater (F1, 24=28.462, P<0.001) in 2002 (!=14.374 ± 2.969) than 2003 
(!=2.172 ± 0.648).   
The habitat by season by year interaction was significant for total grass (F1, 
40=9.881, P=0.003),  A. uva-ursi (F1, 40=6.636, P=0.014), and total shrub (F1, 40=4.287, 
P=0.045) consumption in elk.  In winter 2002, grass consumption of elk was greater (F1, 
12=12.038, P=0.005) in burned (!=63.964 ± 1.871) than unburned (!=47.896 ± 3.726) 
habitat.  In summer 2003, total shrub consumption of elk was greater (F1, 10=7.422, 
P=0.021) in unburned (!=29.721 ± 0.921) than burned (!=23.319 ± 2.141) habitat.  In 
2002 in burned habitat, grass consumption of elk was greater (F1, 10=83.642, P<0.001) in 
winter (!=63.964 ± 1.871) than summer (!=36.547 ± 2.284) and total shrub consumption 
was greater (F1, 10=7.932, P=0.018) in summer (!=26.147 ± 2.892) than winter (!=17.224 
± 1.424).  In 2002 in unburned habitat, A. uva-ursi in elk diets was greater (F1, 
10=135.582, P<0.001) in summer (!=6.846 ± 1.659) than winter (!=0 ± 0).  In 2003 in 
burned habitat, grass consumption of elk was greater (F1, 10=82.081, P<0.001) in winter 
(!=67.302 ± 1.630) than summer (!=38.783 ± 2.510) but A. uva-uris in diets was greater 
(F1, 10=344.567, P<0.001) in summer (!=4.883 ± 0.541) than winter (!=0 ± 0).  In 2003, 
in unburned habitat, grass consumption was greater (F1, 10=48.904, P<0.001) in winter 
(!=68.379 ± 2.274) than summer (!=36.500 ± 3.793), and A. uva-ursi (F1, 10=9.882, 
P=0.010) and total shrub (F1, 10=18.863, P=0.001) consumption was greater in summer 
(A. uva-ursi: !=4.383 ± 1.417; total shrub: !=29.721 ± 0.921) than winter (A. uva-ursi: 
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!=0 ± 0; total shrub: !=17.426 ± 2.609).  In winter in unburned habitat, grass 
consumption of elk was greater (F1, 12=18.716, P=0.001) in 2003 (!=68.379 ± 2.274) than 
2002 (!=47.896 ± 3.726).   
DIETARY OVERLAP AND POTENTIAL COMPETITION 
In winter, percent dietary overlap of WTD and MD was greater in burned 
(!=61.25%) than unburned habitat (!=52.37%) (Tables 4.17 and 4.18).  Dietary overlap 
of MD and elk also was greater in burned (!=64.87%) than unburned (!=42.16%) habitat 
(Tables 4.17 and 4.18).  Conversely, dietary overlap of WTD and elk was greater in 
unburned (!=56.31) than burned (!=46.60) habitat (Tables 4.17 and 4.18).  In summer, 
dietary overlap was greater in burned than unburned habitat for WTD and MD, MD and 
elk, and elk and cattle (Tables 4.19 and 4.20).  Dietary overlaps of cattle and MD and elk 
and WTD were similar in burned and unburned habitat in summer (Tables 4.19 and 4.20).  
Dietary overlap of cattle and WTD was greater in unburned than burned habitat in 
summer (Tables 4.19 and 4.20).  Dietary overlap of elk and cattle in burned habitat in the 
fall was 50.17% (Table 4.21).      
Dietary overlap on a per gram basis was calculated for B. gracilis, P. ponderosa, 
Prunus sp., S. occidentalis, B. repens, S. comata, G. borealis, B. inermis, Carex sp., 
Oryzopsis hymenoides, C. montanus, Juniperus communis, Rosa sp., P. smithii, and 
Amelanchier sp. in burned and unburned habitat in winter for WTD, MD, and elk (Tables 
4.22 and 4.23).  Dietary overlap (per gram) was calculated for G. borealis, Lactuca sp., 
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Trifolium sp., B. gracilis, Carex sp., P. smithii, S. comata, P. ponderosa, B. repens, S. 
occidentalis, and Shepherdia argentea in burned and unburned habitat in summer for 
WTD, MD, elk, and cattle (Tables 4.24 and 4.25). 
In winter, dietary overlap of WTD and MD, MD and elk, and elk and WTD (gram 
basis) were greater in burned than unburned habitat (Tables 4.22 and 4.23).    When 
examining the effect of dietary overlap on pairs of ungulates (i.e., ungulate species X on 
species Y and vice versa) MD potential competition with WTD the greatest in burned 
habitat, elk potential competition was greatest with MD in burned habitat, and elk 
potential competition was greatest with WTD in burned habitat.   
In summer, dietary overlap (gram basis) was greater in burned than unburned 
habitat for WTD and MD, MD and elk, cattle and elk, and cattle and MD (Tables 4.24 
and 4.25).  Potential competition of elk and WTD and cattle and WTD was greater in 
unburned than burned habitat (Tables 4.24 and 4.25).  Amount of forage (e.g., shrubs and 
forbs) released for WTD if 1 MD was removed from a habitat was about equal in burned 
and unburned habitat in winter (Table 4.26).  In summer, the increase in forage made 
available for WTD by removing 1 MD was nearly 4 times greater in burned than 
unburned habitat (Table 4.26).  Amount of forage released for MD if 1 elk was removed 
was about 3 times greater in burned than unburned habitat in winter and nearly 56 times 
greater in burned than unburned habitat in summer (Table 4.26).  Amount of forage 
released to WTD by the removal of 1 elk was 2 times greater in burned than unburned 
habitat in winter and 27 times greater in burned than unburned habitat in summer (Table 
4.26).  In summer, the amount of forage released to WTD, MD, and elk by the removal of 
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1 cow was 83, 53, and 76 times greater, respectively, in burned than unburned habitat 
(Table 4.26). 
 Major winter dietary components and diet quality of WTD in the northern, central 
and southern Black Hills were compared (Tables 4.27).  Pinus ponderosa consumption 
was the greatest in the CBH and were similar by WTD in the NBH and SBH (Table 
4.27).  Grass consumption were greatest in the SBH and were similar in the NBH and 
CBH (Table 4.27).  Shrub consumption in diets was similar for WTD in the SBH and 
CBH, and those were greater than WTD in the NBH (Table 4.27).  Forb consumption was 
greatest in the SBH, followed by CBH, and NBH (Table 4.27).  Fecal nitrogen levels 
were greatest in the southern, followed by CBH and NBH, and FP levels were similar 
throughout all 3 regions (Table 4.27).  
DISCUSSION  
RESPONSE OF VEGETATION TO FIRE 
Ponderosa pine forests are best adapted to a frequent periodic fire regime (Weaver 
1974).  In the absence of fire, dense “dog-haired” pine stands develop (Bock and Bock 
1984).   Madany and West (1983) also indicated that succession of pine savanna to forest 
may be primarily due to intense livestock grazing (cattle remove cool season grass 
competitors of ponderosa pine seedlings), with fire suppression being the most important 
secondary factor.  Weaver (1974) documented that periodic fire improved forage and 
range conditions by reducing accumulated litter, releasing nitrogen, and stimulating 
growth of nitrogen fixing plants.  Response of grasses to fire can be so extensive that it 
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may take about 5 years for a seedling pine tree to overcome competitive effects of   grass 
allelopathens (Wright and Bailey 1982).   
Gartner and Thompson (1972) indicated that encroachment and recruitment of 
ponderosa pine trees in the Black Hills varies with dominant grass type; cool season grass 
type (i.e., western wheatgrass) precluded establishment of ponderosa pine seedlings 
whereas the warm season grass type (i.e., bluestems) was “open,” enabling successful 
germination and growth of seedlings.  Gartner and Thompson (1972) reported an average 
of 79% mortaility of ponderosa pine seedlings in a late spring prescribed burn in the pine-
grass ecotone of the eastern foothills of the Black Hills; reduction of herbaceous 
vegetation and pine litter were 44% and 32%, respectively. Gartner and Thompson 
(1972) also reported pre-burn fuel loads of 11,209–13,450 kg per ha, which were reduced 
by 70% by prescribed burning.    
 Bock and Bock (1984) reported that prescribed burns in Wind Cave National 
Park, South Dakota reduced densities of pine and Ribes sp. but stimulated growth of 
Amorpha canescens.  Ribes sp. comprised <0.5% of unburned habitats sampled and by 
2003, Ribes sp. was observed in <1.0% of habitat in all burned habitat plots in the 
southern Black Hills.  Because of the low prevalence of Ribes sp. detected in burned and 
unburned habitat it is difficult to gauge the species response to fire.   
Pase (1958) reported that few of 63 forbs persisted under moderately dense 
canopies in the Black Hills.  Although I did not identify species of forbs in the understory 
of burned habitat, forb cover in unburned habitat, in the SBH was about 2%.  After 
thinning, forbs increased from 5.6 to 341.6 kg/ha from dense pine stands to clearcut 
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areas, respectively (Pase 1958).  Thompson et al. (1991) documented that burning 
increased standing biomass of forbs and grasses due to a 71% reduction in overstory 
canopy cover.  Following a spring prescribed burn in the Black Hills, Gartner and 
Thompson (1972) reported more forbs in burned than unburned habitat.  Armour et al. 
(1984) also reported a significant increase in forbs in the first through the third year post 
fire.  Result of my study also indicated that in all three fire types, forb cover had 
surpassed that in unburned habitat within 2-years-post fire.  Although Armour et al. 
(1984) did not detect differences in forb cover in habitats that underwent various fire 
intensities, my data demonstrated that forb response was greatest in crown fire burns 
compared with response in light and severe surface burns.   
High overstory canopy cover not only limits forb growth, but it also limits poacid 
growth.  Pase (1958) reported that as crown cover, basal area, and pine litter increased, 
herbage production (e.g., grasses, forbs, and shrubs) decreased.  Grasses demonstrated 
the greatest response from reduced overstory canopy cover, ranging from 11.25 to 778.5 
kg in dense pine stands and clearcut areas, respectively (Pase 1958).  Within 1-year-post 
fire, total production in burned ponderosa pine habitat increased due to greater production 
of annual forbs and grasses (Merrill et al. 1980).   
Armour et al. (1984) reported that canopy cover of poacid increased from the first 
to third year post fire in ponderosa pine habitat.  Graminoids in burned habitat in the SBH 
also increased through the first 3-years-post fire but surpassed the cover of grasses in 
unburned habitat within only 2-years-post fire.  Armour et al. (1984) reported that canopy 
cover of poacids was significantly lower on areas of high intensity burns than unburned 
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habitat in ponderosa pine habitat in Idaho.  Reduction of canopy cover of graminoids was 
attributed to duff smoldering, which may have destroyed root crowns and rhizomes 
(Armour et al. 1984).  My results also demonstrated that although cover of grasses 
increased from the first through third year post fire in all three fire classes, coverage was 
less in crown fire areas than in to light and severe surface burns.   
In unburned habitat in the Black Hills, B. repens was the most abundant shrub in 
stands with high overstory canopy cover.  Within these stands, other species, such as 
Rosa sp. and P. tremuloides, were almost absent on the forest floor (Pase 1958).  All 
shrub species identified in the SBH in unburned habitat comprised less the 3 % cover; 
greatest cover was 0.73% for Symphoricarpos sp.  With canopy cover removal (i.e., 
clearcut) in the Black Hills, shrubs increased from 11.2–140 kg/ha (Pase 1958).  Shrub 
response to fire may be dependent on fire intensity along with the amount of canopy 
removed by the fire (Bock and Bock 1984).  Bock and Bock (1984) reported that shrubs 
and deciduous trees showed little response to a cool season surface fire at Wind Cave 
National Park but a strong shrub response was evident in a nearby older crown fire area.  
Conversely, Armour et al. (1984) reported that shrub response to burning was not 
affected by fire intensity.  In the SBH, Symphoricarpos sp., B. repens, and Rosa sp. 
demonstrated the greatest response to burning, with the two former responding the 
greatest in crown fire areas.  Low shrubs such as Symphoricarpos albus have been 
reported as “early succession dominant” post fire due to their adaptation for regrowth via 
rhizomes (Lyon and Stickney 1976).   Lyon and Stickney (1976) reported that in early 
vegetal succession in the Rocky Mountains, initial dominance occurs by rapidly maturing 
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and generally shade-intolerant plant species, which are later competitively excluded by 
taller, slower growing, and more shade tolerant species. 
Productivity of perennial forbs and annual grasses remained high 4-years-post fire, but 
nutrient changes were low and insignificant within 2-years-post fire in xeric sites in  
ponderosa pine habitat in Idaho (Merrill et al.1980).  Merrill et al. (1980) cautioned that 
fall (i.e., August) burns may not stimulate (but do not adversely affect) changes in 
composition of vegetation in xeric habitats.           
DIETARY QUALITY 
According to Thill et al. (1987), burning temporarily improved nutritional quality 
of white-tailed deer forages but also reduced foraging efficiency and availability and use 
of woody plant fruits within the first year post fire.  Lowest levels of FN in cervids 
generally occur during winter (Leslie and Starkey 1985, Beier 1987, Jenks et al. 1996, 
Osborn and Jenks 1998).  Fecal nitrogen of MD, WTD, and elk in the southern Black 
Hills also followed that pattern with levels greater in summer than winter.  Total forb 
consumption of these cervids also was greater in summer than winter (Osborn and Jenks 
1998).  Levels of FP in MD and WTD were greater in summer than winter in the SBH.  
Fecal nitrogen levels for MD also were greater in burned than unburned habitat.  
According to Thill et al. (1987) and Carlson et al. (1993) burning temporarily improved 
quality of deer forage.  
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DIETARY COMPOSITION 
Johnson et al. (1995) reported that 48% of the volume of the summer diet of WTD 
in the southern Appalachian Mountains was composed of green leaves from woody 
plants.  However, Dubreuil (2003) estimated seasonal availability of shrubs in the SBH in 
winter and summer at 0.62 and 1.01%, respectively.  Available shrub ground cover 
increases with latitude in the Black Hills (Dubreuil 2003).  In the SBH, WTD consumed 
shrubs such as S. occidentalis and B. repens and some grasses such as P. smithii in 
greater amounts in summer compared to winter.  Seasonal movement patterns of WTD 
from a more southerly winter range to a more northerly summer range may increase 
shrub availability for WTD (Dubreuil 2003).     
Forbs also were an important component of WTD diets comprising 15% by 
volume (Johnson et al. 1995).  Forbs were present in the diets of both WTD and MD 
more frequently in summer than winter.  Julander et al. (1961) reported that MD 
consumed small quantities of grass in summer, preferring palatable forbs.  On the 
contrary, MD in the SBH consumed more grass (32%) in summer than forbs (17%), with 
shrubs, such as S. occidentalis as the primary component of the diet (42.9%).   
 
 
As forbs senesce, mule deer consume browse (shrubs and trees) for the bulk of 
their diet (Julander et al. 1961).  Kucera (1997) reported the shrub component of MD 
winter diets ranged from 86–93%.  Schneeweis et al. (1972) reported that P. ponderosa, 
C. montanus, B. repens, grasses, and forbs were the most important winter forges of deer 
in the southern Black Hills in 1969.  In 1970, forbs became the most important 
component of the winter diet followed by P. ponderosa, J. communis, B. repens, grasses, 
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and C. montanus (Schneeweis et al.1972).  In the SBH, total shrubs comprised 41 and 
43% of the diet for WTD and MD, and ponderosa pine comprised 10 and 6% 
respectively.  Consequently, since the 1970s, winter deer diets have changed from those 
with a dominant shrub base to those with a more significant graminoid base, which has 
likely resulted from a substantial limitation in shrub availability for WTD in the SBH 
(Dubreuil 2003).   
Bouteloua gracilis was consumed by MD and WTD more in winter than summer.  
According to Larson and Johnson (1999), B. gracilis cures well for winter grazing, 
although it is typically low in production.  Dusek (1987) reported that B. repens was the 
most heavily used species during the fall by WTD in southeastern Montana; it also was 
more frequent in winter than summer diets.  Coblentz (1970) reported that grasses and 
forbs were important winter forages, but the majority of winter diet was comprised of 
woody browse for WTD in the George Reserve, Michigan.  With snow depth at about 7 
cm grasses and forbs declined in diets of WTD, while other species (i.e., red cedar 
[Juniperus virginianus], ground juniper [Juniperus communis]) that were avoided, 
became heavily browsed (Coblentz 1970).  In winter in the SBH, Berberis repens and P. 
smithii were consumed more in 2002 than 2003, which was likely related to greater snow 
depths in 2003.  Greater P. ponderosa consumption in 2002 than 2003 may be related to 
WTD inhabiting unburned patches of habitat within the burn perimeter due to cover 
characteristics required for predator escape or thermal regulation (Dubreuil 2003, 
DePerno et al. 2003).  As vegetation cover increased, WTD may have used more burned 
than unburned habitat in 2003 than the previous year, increasing access to more desirable 
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forage.  Consumption of B. repens by WTD was greater in unburned than burned habitat, 
which may be related to reduced snow depths in high-density pine areas.   
Pinus ponderosa is ubiquitous in the winter diet of WTD, comprising 13 and 44% 
of the diet in the northern and central Black Hills (Osborn 1994, Hippensteel 2000).  
Snow depths of 8–9 cm in February–March 2003 likely contributed to higher pine 
consumption in 2003.  Currie et al. (1977) reported that MD showed a preference for 
ponderosa pine, which contributed substantially to diets in all months.  In October and 
April, ponderosa pine contributed 20–25% diets, respectively, and in May–August 
composition ranged from 6–9% of MD diets (Currie et al. 1977).  Mule deer selected 
actively growing needles from the bottom branches of trees and dry needles on felled 
trees or on the ground (Currie et al. 1977).  Mule deer also selected terminal buds and 
upper needles from pine seedlings (Currie et al. 1977).  Pine consumption by MD, WTD, 
and elk may be a secondary result of selective foraging for lichens (e.g., Usnea spp.), 
which grow on the limbs of ponderosa pine but due to high digestibility (Jenks and Leslie 
1988), are not found in feces.  Johnson et al. (1995) reported that forages such as fruits 
and flowers produced in the canopy and lichens were the only forages available to deer in 
older oak-hickory forests. 
Greater total shrub consumption by MD in unburned than burned habitat was 
probably related to greater densities of C. montanus availability in unburned habitat, 
which is selected by MD in the SBH (Dubreuil 2003).  Prunus sp. and B. gracilis were 
consumed more in winter than summer, and greatest consumption occurred in burned 
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versus unburned habitat.  Prunus sp. were probably more accessible during greater snow 
depths and also were more prevalent in burned than unburned habitat as some species 
such as P. virginiana recover rapidly post-fire (Larson and Johnson 1999).   
Shrubs (e.g., A. uva-ursi), total grass, and sedges comprised more of elk diets in 
winter than summer.  In the central Black Hills, shrub consumption by elk was similar in 
summer and winter (Hippensteel 2000).  Kufeld (1973) and Wydeven and Dahlgren 
(1983) reported winter grass components as 67 and 42.4%, respectively, of elk diets, 
respectively.  In the CBH, pine represented 16 and 20% of the diet in summer and winter, 
respectively, whereas in the SBH it represented 9 and 4% of the winter and summer diets 
of elk, respectively.  In winter, elk consumed more forbs in 2002 and more sedges and P. 
smithii in 2003.  In winter of 2002, elk consumed more grass in burned than unburned 
habitat.  In New Mexico, Rowland et al. (1983) also reported greater consumption of 
grass by elk in burned than unburned habitat in winter; although 80% of the diet 
comprised reseeded grasses.  Forage digestibility of elk also was greater in burned than 
unburned habitat (Rowland et al. 1983).  During summer, elk consumed more forbs and 
P. smithii than in winter.   
Uresk and Painter (1985) reported that Trifolium sp. was the most abundant forb 
in the diets of cattle in the NBH; greatest consumption occurred in early June.  In 
Colorado, cattle consumed more forbs than grasses and shrubs in May, with dietary forbs  
declining throughout summer but then increasing in September–November (Currie et al. 
1977).  In the SBH, forbs such as Trifolium sp. also were greater in summer than fall.  
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Uresk and Painter (1985) reported that sedges (Carex sp.), wheatgrass (Agropyron sp.), 
and timber oatgrass (Danthonia intermedia) were the most abundant plants in cattle diets 
throughout the grazing season.  In Colorado, greater consumption of Carex sp. by cattle 
occurred in the fall than summer (Currie et al. 1977), although Muhlenbergia sp. and 
Carex sp. in the SBH were more abundant in summer compared to fall diets.  Major  
grass species in fall cattle diets in the SBH included B. inermis, Poa sp., and Stipa sp.  
Uresk and Painter (1985) also reported that Stipa sp. was greatest in cattle diets in 
September compared with previous summer months.   
Uresk and Painter (1985) reported that shrub consumption was greatest when 
grasses and forbs were at or approaching senescence.  Shrubs comprised a greater portion 
of cattle diets as the season progressed in the northern Black Hills, ranging from 19% in 
June to 37% in September (Uresk and Painter 1985).  Pinus ponderosa and B. repens also  
were present in cattle diets late in the grazing season in the northern Black Hills (Uresk 
and Painter 1985).  That increased use of Berberis repens and other shrubs in the fall also 
occurred in cattle diets in the SBH.  Currie et al. (1977) reported that trees and shrubs 
were unimportant (< 0.1%) in the diets of cattle in the Manitou Experimental Forest, 
Colorado, although number of shrub species available for browsing was limited.   
COMPETITION AND DIETARY OVERLAP 
Diet composition and overlap of sympatric ungulates provides insight into 
potential inter- and intraspecific competition, nutritional requirements, and forage 
allocation (Beck 2003).  Stewart et al. (2002) observed strong resource partitioning in use 
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of slope, elevation, and vegetation among Rocky Mountain elk, Rock Mountain MD, and 
cattle in the northwestern United States.  They also reported competitive displacement of 
elk after the addition of cattle.  Pase (1958) and Kranz and Linder (1973) indicated that 
habitat selection by cattle could cause competition with WTD for forage in the Black 
Hills.  In the Black Hills, cattle avoided shade-grown vegetation and preferred pine-aspen 
mixed and aspen habitats in the northern Black Hills, sites also selected by WTD (Pase 
1958, Kranz and Linder 1973).  Thill et al. (1987) reported that browse was generally less 
abundant in grazed habitat, resulting in winter deer diets that contained less browse and 
more forbs and grasses.  Winter rosettes of some forbs and grasses also were more 
prevalent in areas where cattle had removed taller bunch grasses (Thill et al. 1987). 
High levels of resource use overlap usually has indicated that competition was 
prevalent (Mysterud 2000, Jenkins and Wright 1988).  Mysterud (2000) argued that 
density of individuals relative to resource abundance determines the strength of 
competitive interactions (Abrams 1980).  Resource overlap also should be at its greatest 
when resources are limited (e.g., winter) (Gordon and Illius 1998, Mysterud 2000).  In 
the ponderosa pine community, reducing canopy cover by either selective harvesting or 
burning, results in an increase in vegetative biomass, diversity, and quality (Pase 1958, 
Gartner and Thompson 1972, Weaver 1974, Bock and Bock 1984, Thompson 1991).  
Based on Daubenmire (1959) cover classes, vegetation cover increased following the fire 
and by 2003, cover of vegetation in burned habitat had exceeded cover in unburned 
habitat.  Forage removal calculations also indicated that shrub and forb characteristics in 
the burn could potentially provide forage for more individuals than could be sustained in 
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unburned habitat.  Therefore, vegetative response following fire in the southern Black 
Hills likely limited forage competition of native ungulates.   
Jenkins and Wright (1988) indicated that, based on overlap indices, elk and WTD 
deer had a strong potential for interspecific competition.  High potential was due to the 
low foraging reach and limited tolerance to snow depth by WTD (Jenkins and Wright 
1988).  Singer (1979) reported 54% dietary overlap of elk and WTD in winter in Glacier 
National Park.  The browse component was integral to the overlap, comprising 88–100% 
of the diet; however, the mechanism for niche separation was provided by snow depth 
(Singer 1979).  Hippensteel (2000) reported 49.1% dietary overlap of WTD and elk in 
winter in the central Black Hills with summer dietary overlap of 41 and 47% in 1994 and 
1995, respectively.  In the SBH, dietary overlap of WTD and elk in winter was greater in 
unburned than burned habitat, although on a per gram basis dietary overlap was greater in 
burned than unburned habitat.  In summer, dietary overlap of elk and WTD were similar 
in burned and unburned habitat although on a per gram basis dietary overlap was greater 
in unburned than burned habitat.  Based on my calculations, the amount of forage 
released to WTD by the removal of 1 elk was 2 times greater in burned than unburned 
habitat in winter and 27 times greater in burned than unburned habitat in summer.  
Therefore, within 3-years-post fire, benefits of burning to WTD were limited in winter 
but WTD in summer were able to benefit from the use burned habitat.  Competition 
between elk and WTD throughout all seasons are heightened in unburned habitat likely 
due to poor quality habitat (Griffin et al. 1992, Griffin 1994, DePerno 1998, DePerno et 
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al. 2002).  Therefore, competition is likely active between elk and WTD in unburned 
habitat in the SBH. 
Dusek (1975) hypothesized that competition between MD and cattle could occur 
in late summer and early fall in overgrazed areas.  Grass and grass like plants that were 
abundant in the diet of cattle, were insignificant in diets of MD.  Thus, competition was 
limited throughout most of the year (Dusek 1975).  Although dual use of forbs and shrubs 
by MD and cattle existed in the SBH, dietary overlap was only 31%.  Effects of the fire 
did not reduce competition between these 2 species because dietary overlap was similar 
in burned and unburned habitat.  Conversely, overlap on a gram basis was greater in 
burned than unburned habitat where cattle competed greatest with MD for forage.   
Cattle could be negatively affecting WTD in unburned habitat.  Jenks et al. (1996) 
reported that presence of cattle reduced WTD nutritional condition (e.g. reproductive 
rate, morphometric and biochemical indices) in pine (P. taeda- P. echinata)-broomsedge 
(A. virginicus) forests in southeastern Oklahoma.  Dietary overlap (percent and per gram 
basis) of cattle and WTD in the SBH were greater in unburned than burned habitat in 
summer.  Amount of forage released to WTD by the removal of 1 cow was 83 times 
greater in burned than unburned habitat.  Removal of shrubs by cattle in fall could 
potentially remove vegetation important for winter survival of WTD. 
WTD in the northern Black Hills had submarginal diets even with access to 
agriculture, because forages obtained were generally low in quality (Osborn 1994, 
Hippensteel 2000).  Even with dense understory groundcover in the northern Black Hills, 
deer diets in the CBH and SBH contained more shrubs (Osborn 1994).  Increased forb 
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and grass cover as a result of burning is probably the primary cause of greater forb and 
grass consumption by WTD in the SBH compared with the CBH and NBH.  Higher fecal 
nitrogen levels in the SBH, also may have been a result of fire.  Consumption of P.  
ponderosa by WTD was the greatest in the CBH and was similar in the NBH and SBH.  
Hippensteel (2000) reported that high pine needle consumption by deer in the central 
Black Hills was due to greater coniferous canopy cover and less understory food 
resources. 
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Table 4.1.  Percent coverage of vegetation in light surface burn in the southern Black Hills, South 
Dakota, 2001–2003 
    2001     2002   2003 
Grass    1.77   16.31   24.20 
Forb    1.76   8.45   12.78 
Litter    3.41   33.73   37.68 
Bare ground   1.13   13.13   6.36 
Rock    0.77   5.94   7.36 
Slash    0.76   2.48   2.18 
Symphoricarpos sp.  0.74   3.04   4.78 
Arctostaphylos uva-ursi 0.16   0.85   1.08  
Berberis repens  0.17   0.68   1.04 
Rosa sp.   0.26   0.45   1.50   
Amelanchier sp.  0.09   0.48   0.09 
Pinus ponderosa  0.02   0.04   0.23 
Juniperus scopulorum  0.00   0.00   0.01 
Juniperus communis  0.01   0.02   0.03 
Populus tremuloides  0.03   0.01   0.00 
Prunus sp.   0.14   0.04   0.14 
Cercocarpus montanus 0.01   0.05   0.71 
Ribes sp.   0.01   0.02   0.15 
 
 
Artemisia sp.   0.17   0.00   1.86 
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Table 4.2.  Percent coverage of vegetation in severe surface burn in the southern Black Hills, 
South Dakota, 2001–2003. 
2001   2002   2003 
Grass    1.61   14.23   22.18 
Forb    1.64   10.85   13.68 
Litter    3.50   28.59   38.20 
Bare ground   0.62   15.32   10.36 
Rock    0.99   7.46   7.88   
Slash    0.69   2.81   2.79   
Symphoricarpos sp.  0.62   3.43   5.82 
Arctostaphylos uva-ursi 0.12   0.65   0.57   
Berberis repens  0.08   0.40   1.36 
Rosa sp.   0.30   0.88   2.68 
Amelanchier sp.  0.07   0.46   0.05 
Pinus ponderosa  0.01   0.12   0.41 
Juniperus scopulorum  0.00   0.01   0.00 
Juniperus communis  0.00   0.02   0.00 
Populus tremuloides  0.00   0.01   0.00 
Prunus sp.   0.09   0.54   0.81 
Cercocarpus montanus 0.00   0.00   0.01 
Ribes sp.   0.02   0.02   0.59 
 
 
Artemisia sp.   0.21   0.01   1.3 
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Table 4.3  Percent coverage of vegetation in crown fire habitat in the southern Black Hills, South 
Dakota, 2001–2003.  
                                     2001   2002   2003 
Grass    0.77   6.02   14.14 
Forb    1.01   8.96   17.92 
Litter    2.25   17.94   20.83 
Bare ground   1.86   31.20   24.54 
Rock    1.39   9.85   11.49   
Slash    0.57   3.24   5.15   
Symphoricarpos sp.  0.34   3.80   7.57 
Arctostaphylos uva-ursi 0.01   0.02   0.37   
Berberis repens  0.05   0.92   2.12 
Rosa sp.   0.17   1.05   2.88 
Amelanchier sp.  0.01   0.00   0.72 
Pinus ponderosa  0.01   0.00   0.12 
Juniperus scopulorum  0.00   0.00   0.00 
Juniperus communis  0.00   0.02   0.00   
Populus tremuloides  0.00   0.00   0.05 
Prunus sp.   0.09   0.04   0.17 
Cercocarpus montanus 0.01   0.00   0.00 
Ribes sp.   0.02   0.11   0.50 
Artemisia sp.   0.04   0.04   0.78 
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Table 4.4.  Percent coverage of vegetation in unburned habitat in the southern Black Hills, South 
Dakota, 2000.  
    2000 
Grass    2.29 
Forb    2.16 
Litter    3.13 
Bare ground   0.73 
Rock    0.47   
Slash    0.83   
Symphoricarpos sp.  0.73 
Arctostaphylos uva-ursi 0.41   
Berberis repens  0.43 
Rosa sp.   0.28 
Amelanchier sp.  0.08 
Pinus ponderosa  0.07 
Juniperus scopulorum  0.01  
Juniperus communis  0.19 
Populus tremuloides  0.07 
Prunus sp.   0.05 
Cercocarpus montanus 0.06 
Ribes sp.   0.01 
 
 
Artemisia sp.   0.31 
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Table 4.5.  Mean (!) and standard error (SE) of major plants and plant species consumed by mule 
deer in the southern Black Hills, South Dakota, 2002–2003.   
    2002             2003   
   !  SE  !  SE  P 
Total forb  11.610  1.195  13.628  1.039  0.583  
Boutela gracilis 6.120  1.018  8.746  0.852  0.027 
Total grass  31.829  1.821  34.991  1.171  0.091 
Cercocarpus   5.056  1.178  6.998  0.897  0.765 
  montanus 
Symphoricarpos 7.814  1.894  10.528  1.075  0.902 
  occidentalis 
Total Shrub  41.161  3.028  42.035  1.439  0.840 
Pinus ponderosa 12.892  2.053  6.100  0.788  0.025 
Fecal Nitrogen 2.049  0.151  2.325  0.169  0.385  
Fecal Phosphorous 0.347  0.061  0.439  0.046  0.065 
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Table 4.6.  Mean (!) and standard error (SE) of major plants and plant species consumed by 
white-tailed deer in the southern Black Hills, 2002–2003.  Symbols: * significant interaction of 
main effects. 
    2002    2003                   
   !  SE  !  SE  P 
Total forb  18.171  1.879  19.615  1.913  0.706 
Boutela gracilis 6.202  0.491  8.652  0.437  <0.001  
Pascopyrum smithii 6.744  1.278  7.193  1.518  * 
Stipa comata  5.662  0.819  5.508  0.465  0.775 
Total grass  31.253  1.455  35.506  1.242  * 
Berberis repens 8.823  0.931  5.867  0.807  *  
Pinus ponderosa 15.045  2.439  8.209  0.884  *  
Prunus sp.  5.809  0.775  6.789  0.542  0.280 
Symphoricarpos 8.488  1.185  8.347  0.859  0.997 
  occidentalis 
Total shrub  32.011  1.171  31.765  1.143  0.667 
Fecal nitrogen  2.480  0.125  2.494  0.140  0.463 
Fecal phosphorous 0.504  0.059  0.557  0.062  0.259 
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Table 4.7.  Mean (!) and standard error (SE) of major plants and plant species consumed by mule 
deer in winter and summer in the southern Black Hills, South Dakota 2002–2003.  Symbols: * 
significant interaction of main effect. 
             Winter             Summer    
   !  SE  !  SE  P 
Total forb  10.461  0.778  17.303  0.848  0.001 
Boutela gracilis 9.127  0.893  5.215  0.546  0.012 
Total grass  34.696  1.470  32.131  0.932  0.118 
Cercocarpus   5.878  1.073  6.974  0.550  0.147 
  montanus 
Symphoricarpos 6.798  1.155  14.490  0.653  0.001  
  occidentalis 
Total shrub  41.246  2.098  42.550  1.340  * 
Pinus ponderosa 10.269  1.472  5.718  0.848  * 
Fecal nitrogen  1.750  0.051  3.045  0.141  <0.001 
Fecal phosphorous 0.261   0.012  0.655  0.043  <0.001 
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Table 4.8.  Mean (!) and standard error (SE) of major plants and plant species consumed by 
white-tailed deer in winter and summer in the southern Black Hills, 2002–2003.  Symbols: * 
significant interaction of main effects. 
    Winter    Summer            
   !  SE  !  SE  P 
Total forb  13.490  1.455  25.278  1.443  <0.001  
Boutela gracilis 8.078  0.556  6.657  0.431  0.018 
Pascopyrum smithii 1.266  0.612  13.707  0.440  * 
Stipa comata  5.724  0.750  5.420  0.517  0.548 
Total grass  33.931  1.671  32.728  0.936  * 
Berberis repens 6.071  1.121  8.851  0.269  *  
Pinus ponderosa 17.288  1.938  4.936  0.195  * 
Prunus sp.  6.537  0.846  6.017  0.280  * 
Symphoricarpos 5.053  0.732  12.394  0.645  <0.001 
  occidentalis 
Total shrub  29.437  1.187  34.785  0.694  0.001 
Fecal nitrogen  1.977  0.061  3.044  0.080  <0.001  
Fecal phosphorous 0.305  0.014  0.779  0.049  <0.001 
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Table 4.9.  Mean (!) and standard error (SE) of major plants and plant species consumed by mule 
deer in burned and unburned habitat in the southern Black Hills, South Dakota 2002–2003.  
Symbols: * significant interaction of main effects. 
    Burn        Unburned  
   !  SE  !  SE  P 
Total forb  14.174  1.191  11.483  0.972  0.373 
Boutela gracilis 8.587  1.017  6.873  0.876  0.420 
Total grass  36.649  1.561  30.782  0.872  0.072 
Cercocarpus  4.169  0.599  8.474  1.141  0.108 
  montanus 
Symphoricarpos 9.945  1.476  9.032  1.340  0.612 
  occidentalis 
Total shrub  36.071  1.793  47.651  1.121  * 
Pinus ponderosa 10.119  1.738  7.140  1.096  *  
Fecal nitrogen  2.457  0.179  1.991  0.153  0.038 
Fecal phosphorous 0.458  0.055  0.354  0.047  0.130 
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Table 4.10.  Mean (!) and standard error (SE) of major plants and plant species consumed by 
white-tailed deer in burned and unburned habitat the southern Black Hills, 2002–2003.  Symbols: 
* significant interaction of main effects. 
    Burned        Unburned  
   !  SE  !  SE  P 
Total forb  16.750  1.756  13.490  1.455  0.021 
Boutela gracilis 8.269  0.455  8.078  0.556  0.007 
Pascopyrum smithii 7.017  1.406  1.266  0.612  0.441 
Stipa comata  5.375  0.651  5.724  0.750  0.386 
Total grass  34.616  1.488  33.931  1.671  0.307 
Berberis repens 6.278  0.812  6.071  1.121  * 
Pinus ponderosa 11.141  1.879  17.288  1.938  0.784 
Prunus sp.  7.916  0.591  6.537  0.846  *  
Symphoricarpos 9.639  1.061  5.053  0.732  0.139 
  occidentalis 
Total shrub  32.744  1.122  29.437  1.187  0.389 
Fecal nitrogen  2.491  0.131  2.483  0.137  0.561 
Fecal phosphorous 0.554  0.063  0.509  0.059  0.889 
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Table 4.11.  Mean (!) and standard error (SE) of major plants and plant species consumed by elk 
in the southern Black Hills, South Dakota, 2002–2003.  Symbols: * significant interaction of 
main effects. 
    2002        2003  
   !  SE  !  SE           P 
Total forb  19.962  2.627  15.692  3.126  * 
Boutelou gracilis 9.942  1.234  8.541  0.807  0.468 
Carex sp.  1.310  0.621  12.225  2.120  * 
Pascopyrum smithii 7.355  1.387  12.420  1.477  * 
Stipa comata  8.395  0.676  9.395  0.797  0.824 
Total grass  48.242  2.577  52.991  3.347  * 
Arctostaphylos  1.856  0.637  2.317  0.600  * 
  uva-ursi 
Berberis repens 7.553  0.809  8.496  0.399  0.113 
Total shrub  22.608  1.422  22.574  1.308  * 
Fecal nitrogen  1.963  0.174  2.080  0.156  * 
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Table 4.12.  Mean (!) and standard error (SE) of major plants and plant species consumed by 
cattle in the southern Black Hills, South Dakota, 2002–2003.  Symbols: * significant interaction 
of main effects. 
    2002        2003  
   !  SE  !  SE           P 
Trifolium sp.  6.151  1.409  5.976  1.101  0.954 
Total forb  11.511  1.268  11.247  1.042  0.767 
Bromus inermis 9.713  0.487  8.808  0.460  0.061 
Carex sp.  17.187  0.877  18.791  1.233  * 
Muhlenbergia sp. 5.335  0.409  6.057  0.492  0.445 
Pascopyrum smithii 15.364  0.678  16.609  0.670  0.102 
Poa sp.  6.884  0.442  6.552  0.385  0.197 
Stipa comata  7.071  0.837  7.050  0.759  0.928 
Total grass  65.713  0.652  67.742  1.139  * 
Berberis repens 7.157  1.259  7.985  1.318  0.417 
Total shrub  10.715  1.264  11.780  1.268  0.343 
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Table 4.13.  Mean (!) and standard error (SE) of major plants and plant species consumed by elk 
in winter and summer in the southern Black Hills, South Dakota, 2002–2003.  Symbols: * 
significant interaction of main effects. 
            Winter           Summer  
   !  SE  !  SE           P 
Total forb  8.742  2.008  28.563  2.141  * 
Boutelou gracilis 11.203  1.213  6.923  0.329  0.072 
Carex sp.  9.223  2.237  3.866  1.070  * 
Pascopyrum smithii 8.877  1.820  11.083  0.886  * 
Stipa comata  8.350  0.852  9.540  0.524  0.162 
Total grass  60.809  2.187  38.571  1.555  * 
Arctostaphylos  0.065  0.065  4.476  0.642  * 
  uva-ursi 
Berberis repens 8.532  0.759  7.425  0.392  0.562 
Total shrub  19.363  1.076  26.406  1.245  * 
Fecal nitrogen  1.580  0.068  2.543  0.188  <0.001 
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Table 4.14.  Mean (!) and standard error (SE) of major plants and plant species consumed by 
cattle in summer and fall in the southern Black Hills, South Dakota, 2002–2003.  Symbols: * 
significant interaction of main effects. 
    Summer   Fall       
   !  SE  !  SE           P 
Trifolium sp.  9.095  0.757  0.000  0.000  <0.001 
Total forb  13.906  0.736  6.326  0.706  <0.001 
Bromus inermis 8.405  0.324  10.974  0.506  <0.001 
Carex sp  20.721  0.518  12.526  0.541  * 
Muhlenbergia sp. 6.558  0.345  3.972  0.284  <0.001 
Pascopyrum smithii 16.613  0.361  14.732  1.206  0.053 
Poa sp.  5.963  0.284  8.277  0.394  <0.001 
Stipa comata  5.309  0.467  10.564  0.609  <0.001 
Total grass  67.645  0.731  64.892  1.256  * 
Berberis repens 4.433  0.693  13.848  0.604  <0.001 
Total shrub  8.477  0.789  16.790  0.847  <0.001 
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Table 4.15.  Mean (!) and standard error (SE) of major plants and plant species consumed by elk 
in burned and unburned habitat in the southern Black Hills, South Dakota, 2002–2003.  Symbols: 
* significant interaction of main effects. 
    Burned       Unburned  
   !  SE  !  SE           P 
Total forb  18.627  2.920  17.027  2.913  0.529 
Boutelou gracilis 10.250  1.119  8.233  0.937  0.088 
Carex sp  7.746  2.009  5.789  1.830  0.214 
Pascopyrum smithii 9.195  1.504  10.580  1.536  * 
Stipa comata  8.647  0.510  9.144  0.921  0.789 
Total grass  51.899  3.046  49.334  2.985  * 
Arctostaphylos 1.936  0.518  2.237  0.707  *  
  uva-ursi 
Berberis repens 7.130  0.543  8.919  0.684  0.092 
Total shrub  21.630  1.195  23.553  1.491  * 
Fecal nitrogen  2.059  0.161  1.984  0.170  0.850 
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Table 4.16.  Mean (!) and standard error (SE) of major plants and plant species consumed by of 
cattle in burned and unburned habitat in the southern Black Hills, South Dakota, 2002–2003.  
Symbols: * significant interaction of main effects. 
    Burned       Unburned  
   !  SE  !  SE           P 
Trifolium sp.  6.145  1.122  5.982  1.392  0.774 
Total forb  11.305  1.050  11.453  1.262  0.847 
Bromus inermis 8.859  0.354  9.663  0.573  0.140 
Carex sp.  18.250  1.086  17.728  1.086  0.539 
Muhlenbergia sp. 5.844  0.500  5.548  0.415  0.536 
Pascopyrum smithii 16.242  0.624  15.730  0.746  0.512 
Poa sp.  7.138  0.389  6.298  0.418  0.133 
Stipa comata  6.833  0.806  7.288  0.788  0.732 
Total grass  67.069  1.070  66.386  0.827  0.658 
Berberis repens 7.352  1.285  7.791  1.298  0.959 
Total shrub  10.996  1.267  11.500  1.276  0.854 
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Table 4.17.  Winter dietary overlap (%)of white-tailed deer (WTD), mule deer (MD), and elk in 
burned habitat the southern Black Hills, South Dakota, 2002–2003.  
              WTD/MD                MD/Elk          Elk/WTD   
Plant Species  %   %   %  
Artemisia cana  0.20   0.24   0.20    
A. frigida  0.90   0.90   1.27 
Galium boreale  2.44   0.99   0.99 
Total forb  3.54   2.13   2.46 
Agropyron cristatum 0.23   0.23   0.81 
Agrostis stolonifera 0.44   0.98   0.44 
Andropogon gerardii 0   0   0 
Bouteloua curtipendula 0   0   0 
B. gracilis  9.24   10.02   9.24 
Bromus inermis  4.31   1.67   1.67  
Carex sp.  0.15   0.15   2.06  
Oryzopsis hymenoides 2.83   1.65   1.65 
O. micrantha  0.34   0.06   0.06    
Pascopyrum smithii 0.01   0.01   0.36    
Stipa comata  3.57   3.57   6.24 
Stipa viridula  0   0   0 
Total grass  21.12   18.34   22.53 
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Table 4.17.  Continued.   
              WTD/MD               MD/Elk          Elk/WTD   
Plant Species  %   %   %  
Pinus ponderosa 13.17   7.77   7.77 
Populus tremuloides 1.50    0.44   0.44 
Amelanchier sp. 0.51   0.71   0.51 
Arctostaphylos uva-ursi 0.43   0.14   0.14 
Berberis repens  3.46   5.56   3.46 
Cercocarpus montanus  1.33   0.07   0.07 
Juniperus communis 0.81   0.83   0.81 
Prunus sp.  3.74   1.06   1.06 
Ribes sp.  0   0   0 
Rosa sp.  3.78   2.95   2.95 
Rosa woodsii  2.13   1.92   1.92 
S. canadensis  0   0   0 
Shepherdia sp.  0.23   0.17   0.17 
Symphoricarpos 5.50   2.31   2.31 
  occidentalis 
Total shrub  36.59   44.40   21.61 
 
TOTAL OVERLAP 61.25   64.87   46.60 
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Table 4.18.  Winter dietary overlap of white-tailed deer (WTD), mule deer (MD), and elk in 
unburned habitat the southern Black Hills, South Dakota, 2002–2003. 
             WTD/MD                MD/Elk         Elk/WTD   
Plant Species  %   %   %    
Artemisia cana  0.30   0.06   0.06    
A. frigida  0.90   0.90   1.28 
Galium boreale  2.44   2.44   2.45 
Lactuca sp.  0   0   0.94 
Melilotus officinalis 0   0   0 
Monarda fistulosa 0   0   0.64 
Psoralea sp.  0   0   0.44 
Sphaeralcea coccinea 0   0   0.32 
Trifolium sp.  0   0   0.99 
Total forb  3.64   3.40   7.12 
Agropyron cristatum 0.35   0.35   1.54 
Agrostis stolonifera 0.05   0.05   0.49 
Andropogon gerardii 0   0   0 
Bouteloua curtipendula 0   0   0 
B. gracilis  7.08   8.24   7.08 
Bromus inermis  3.17   2.32   2.32  
 
 
Carex sp.  0.57   0.57   0.60  
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Table 4.18.  Continued.   
            WTD/MD               MD/Elk         Elk/WTD   
Plant Species  %   %   %  
Elymus trachycaulus 0   0   0 
Elymus sp.  0   0   0 
Oryzopsis hymenoides 2.56   2.33   2.33 
O. micrantha  0.39   0   0   
Pascopyrum smithii 0.11   0.11   2.05    
Poa sp.   0.39   0   0   
Schizachyrium scoparium 0   0   0    
Stipa comata  3.99   3.99   5.28 
Stipa viridula  0   0   0.16 
Total grass  18.27   17.96   21.85 
Pinus ponderosa 7.37   7.37   9.01 
Populus tremuloides 1.42   1.12   1.12 
Amelanchier sp. 1.57   0.04   0.04 
Arctostaphylos uva-ursi 1.14   0   0 
Berberis repens  4.27   4.27   8.31 
Cercocarpus montanus  1.11   0.38   0.38 
Juniperus communis 1.15   0.63   0.63 
Prunus sp.  3.91   1.49   1.49 
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Table 4.18.  Continued. 
            WTD/MD               MD/Elk         Elk/WTD   
Plant Species  %   %   %  
P. virginiana  0   0   0 
Ribes sp.  0   0   0 
Rosa sp.  2.54   0.92   0.92 
Rosa woodsii  1.26   0.68   0.68 
Rubus sp.  0   0   0 
Shepherdia argentea 0   0   0.33 
S. canadensis  0.05   0   0 
Shepherdia sp.  0   0   0.53 
Symphoricarpos 4.67   3.90   3.90 
  occidentalis 
Total shrub  30.46   20.8   27.34 
TOTAL OVERLAP 52.37   42.16   56.31  
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Table 4.19.  Summer dietary overlap of white-tailed deer (WTD), mule deer (MD), elk, and cattle 
in burned habitat in the southern Black Hills, South Dakota, 2002–2003. 
   WTD/  MD/ Elk/ Cattle/ Cattle/ Elk/ 
   MD elk cattle WTD MD WTD  
Plant Species  % % % % % %   
Aster sp.   0 0 0 0 0 0   
Galium boreale  3.26 3.26 0 0 0 3.81 
Lactuca sp.  1.19 1.19 0 0 0 4.69 
Melilotus officinalis 0 0 0 0 0 0 
Monarda fistula  0.72 0.72 0 0 0 2.56 
Psoralea sp.  0 0 0 0 0 0.90 
Sphaeralcea coccinea 0 0 0 0 0 2.30 
Trifolium sp.  1.71 4.26 8.56 1.71 4.26 1.71 
Total forb  6.88 9.43 8.56 1.71 4.26 15.97 
Bouteloua gracilis 6.13  6.13 0 0 0 6.80 
Bromus inermis  0 0 0 0 0 1.73 
Carex sp.  0 0 4.90 0.97 0 0.97 
Muhlenbergia sp.  0 0 0 0 0 0   
Oryzopsis hymenoides 0 0 0 0 0 0.48 
Pascopyrum smithii 10.75 10.12 10.12 13.68 10.75 10.12 
Poa sp.   0 0 0 0 6.52 0 
Schizachyrium scoparium 0 0 0 0 0 0 
Stipa comata  4.51 4.83 5.05 4.51 4.41 4.51 
Stipa viridula  0 0 0 0 0 0.43 
Total grass  21.39 21.08 20.07 19.16 21.68 25.04 
 
 
 
 
   231
 
Table 4.19.  Continued. 
                       Dietary Overlap 
WTD/  MD/ Elk/ Cattle/ Cattle/ Elk/ 
  MD elk cattle WTD MD WTD 
Plant species  % % % % % %    
Pinus ponderosa  4.68 3.55 3.55 4.68 4.90 3.55 
Arctostaphylos uva-ursi 0 0 0 0 0 3.10 
Berberis repens  0 0 4.09 4.09 0 7.35 
Cercocarpus montanus 0 0 0 0 0 0 
Prunus sp.  0 0 0 0 0 5.20 
Ribes sp.  0 0 0 0 0 0 
Rosa sp.   0 0 0 0 0 0 
Shepherdia argentea 2.74 2.21 0 0 0 2.21 
Symphoricarpos  13.78 5.80 0.62 0.62 0.62 5.80 
occidentalis 
Total shrub  21.20 11.56 8.26 9.39 5.52 27.21 
TOTAL OVERLAP 49.47 42.07 36.89 30.26 31.46 68.22 
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Table 4.20.  Summer dietary overlap of white-tailed deer (WTD), mule deer (MD), elk, and cattle 
in unburned habitat in the southern Black Hills, South Dakota, 2002–2003. 
     Dietary Overlap 
WTD/  MD/ Elk/ Cattle/ Cattle/ Elk/ 
  MD elk cattle WTD MD WTD 
Plant species  % % % % % %     
Aster sp.   0 0 0 0 0 0 
Galium boreale  1.57 2.38 0 0 0 1.57 
Lactuca sp.  0 0 0.08 0.08 0 3.03 
Melilotus officinalis 0 2.96 0 0 0 0 
Monarda fistula  1.72 1.46 0 0 0 1.46 
Psoralea sp.  0 0 0 0 0 1.90 
Sphaeralcea coccinea 0 0 0 0 0 0.47 
Trifolium sp.  4.66 4.66 4.57 5.69 4.66 4.57 
Total forb  7.95 11.46 4.65 5.77 4.66 13.00 
Bouteloua gracilis 4.15 4.15 0 0 0 5.89 
Bromus inermis  0 0 0.92 0 0 0 
Carex sp.  0 0 2.62 0 0 0 
Muhlenbergia sp.  0 0 0 0 0 0 
Oryzopsis hymenoides 0 0 0 0 0 0.45 
Pascopyrum smithii 9.83 9.83 12.23 13.74 9.83 12.23 
Poa sp.   0 0 0 0 5.99 0 
Schizachyrium scoparium 0 0 0 0 0 0 
Stipa comata  4.11 4.11 5.30 5.30 4.11 5.30 
Stipa viridula  0 0 0 0 0 2.27 
Total grass  18.09 18.09 21.07 19.04 19.93 26.14 
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Table 4.20.  Continued. 
     Dietary Overlap 
WTD/  MD/ Elk/ Cattle/ Cattle/ Elk/ 
  MD elk cattle WTD MD WTD 
Plant specis  % % % % % %  
Pinus ponderosa  5.24 4.27 4.27 5.24 6.68 4.27 
Arctostaphylos uva-ursi 0 0 0 0 0 4.28 
Berberis repens  0 0 0 4.42 0 7.51 
Cercocarpus montanus 0 0 0 0 0 0 
Prunus sp.  0 0 0 0 0 4.62 
Ribes sp.  0 0 0 0 0 0 
Rosa sp.   0 0 0 0 0 0 
Shepherdia argentea 3.14 2.07 0 0 0 2.07 
Symphoricarpos  10.73 0.46 0.39 0.39 0.39 5.78 
  occidentalis 
Total shrub  19.11 6.80 4.66 10.05 7.07 28.53 
TOTAL OVERLAP 45.15 36.35 30.38 34.86 31.66 67.67  
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Table 4.21. Fall diet composition of elk and cattle in burned habitat in the southern Black Hills, 
South Dakota, 2002–2003. 
              Elk           Cattle  Dietary overlap
Plant Species  !    !    % 
Lactuca sp.  1.93   0   0  
Sphaeralcea coccinea 1.18   0   0  
Trifolium sp.  5.49   0   0    
Unknown forb  3.79   6.05   -    
Total forb  12.39   6.05   0   
B. gracilis  5.39   0   0    
Bromus inermis 0   10.32   0   
Carex sp.  11.07   12.68   11.07    
Muhlenbergia sp. 0   4.24   0    
Pascopyrum smithii 12.26   15.23   12.26    
Poa sp.  0   8.37   0    
Schizachyrium scoparium 2.01   0   0    
Stipa comata  9.11   10.40   9.11   
Unknown grass 3.75   3.75   -   
Total grass  43.59   64.98   32.44   
Pinus ponderosa 7.16   9.08   7.16   
Arctostaphylos uva-ursi 5.68   0   0    
Berberis repens 10.15   13.87   10.15   
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Table 4.21.  Continued. 
             Elk          Cattle     Dietary overlap
Plant Species  !    !            %  
Prunus sp.  4.59   0   0 
Rosa sp.  2.94   0   0    
Shepherdia argentea 2.30   0   0    
Symphoricarpos 8.14   0.42   0.42    
  occidentalis 
Unknown shrub 0.13   2.55   -    
Total shrub  33.93   16.83   17.73    
TOTAL OVERLAP       50.17 
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Table 4.22.  Winter dietary overlap on a gram basis of white-tailed deer (WT), mule deer 
(MD), and elk in burned habitat in the southern Black Hills, South Dakota, 2002–2003. 
       Dietary overlap of digesta (g) 
 
PLANT WT(g) MD(g) ELK(g)     WT/MD             MD/ELK              ELK/WT 
Boutelou gracilis42.41 67.23 808.30 42.41 67.23 42.41 
Pinus ponderosa 80.78 88.37 458.43 80.78 88.37 80.78 
Prunus sp. 44.11 25.10 62.54 25.10 25.10 44.11 
Symphoricarpos 25.25 50.59 136.29 25.25 50.59 25.25 
  occidentalis 
Berberis repens 15.88 37.31 407.10 15.88 37.31 15.88 
Stipa comata 28.64 23.95 482.62 23.95 23.95 28.64 
Galium borealis 20.66 16.37 58.41 16.37 16.37 20.66 
Bromus inermis 19.78 31.40 98.53 19.78 31.40 19.78 
Pascopyrum 1.65 0.07 487.93 1.65 0.07 1.65 
  borealis 
Carex sp. 9.46 1.01 624.81 9.46 1.01 9.46 
Oryzopsis 12.99 29.66 97.35 12.99 29.66 12.99 
   hymenoides 
Cercocarpus 6.10 21.54 4.13 6.10 4.13 4.13 
  montanus 
Juniperus 3.72 14.76 48.97 3.72 14.76 3.72 
  communis 
Rosa sp. 9.78 24.16 113.28 9.78 24.16 9.78 
Amelanchier sp. 2.34 4.76 30.09 2.34 4.76 2.34 
TOTAL 323.55 436.28 3918.78 295.57 418.88 321.57 
% DIET 70.00 65.00 66.00 -- -- -- 
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Table 4.23.  Winter dietary overlap on a gram basis of white-tailed deer (WT), mule deer (MD), 
and elk in unburned habitat in the southern Black Hills, South Dakota, 2002–2003. 
               Dietary overlap of digesta (g) 
PLANT         WT(G)     MD(G) ELK(G)      WT/MD           MD/ELK                 ELK/WT 
Boutelou gracilis     32.50 55.29 534.54 32.50 55.29 32.50 
Pinus ponderosa     78.12 49.45 531.59 49.45 49.45 78.12 
Prunus sp.     17.95 39.66 87.91 17.95 39.66 17.95 
Symphoricarpus    21.44 40.60 230.10 21.44 40.60 21.44 
  occidentalis 
Berberis repens    38.14 28.65 585.87 28.65 28.65 38.14 
Stipa comata    24.24 26.77 500.91 24.24 26.77 24.24 
Galium borealis    24.05 16.37 144.55 16.37 16.37 24.05 
Bromus inermis    14.87 21.27 136.88 14.87 21.27 14.87 
Pascopyrum    9.41 0.74 554.60 0.74 0.74 9.41 
  smithii 
Carex sp.    2.75 3.82 474.95 2.75 3.82 2.75 
Oryzopsis   14.96 17.18 137.47 14.96 17.18 14.96 
  hymenoides 
Cercocarpus   5.09 57.37 22.42 5.09 22.42 5.09 
  montanus 
Juniperus   5.28 15.50 37.17 5.28 15.50 5.28 
  communis 
Rosa sp.   11.66 22.34 54.28 11.66 22.34 11.66 
Amelanchier sp.    7.21 77.84 2.36 7.21 2.36 2.36 
TOTAL   307.67 472.85 4035.60 245.95 360.07 300.46 
% DIET  67.00 70.00 68.00 -- -- - 
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Table 4.24.  Summer dietary overlap on a gram basis of white-tailed deer (WT), mule 
deer (MD), elk, and cattle in burned habitat in the southern Black Hills, South Dakota, 
2002–2003. 
Plant species  WT MD ELK CATTLE  
Boutelou gracilis 33.51 41.13 401.20 0.00  
Pinus ponderosa 21.48 32.88 209.45 477.90  
Symphoricarpus occidentalis 63.25 94.54 342.20 36.58  
Berberis repens  0.00 433.65 241.31 0.00  
Stipa comata  20.70 32.41 537.49 29795.00  
Galium borealis  21.87 283.20 0.00 17.49  
Pascopyrum smithii 62.79 72.13 597.08 988.25  
Carex sp.  4.45 0.00 289.10 1241.36  
Lactuca sp.  21.53 7.98 347.51 0.00  
Trifolium sp.  7.85 28.58 505.04 543.98  
Shepherdia argentea 12.58 119.77 130.39 0.00  
TOTAL  307.39 451.31 4076.31 33324.38  
% DIET  67.00 67.00 69.00 68.00 
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Table 4.24.  Continued. 
                                            Dietary overlap of digesta (g)    
Plant species WT/MD MD/ELK ELK/WT    COW/ELK  COW/WT COW/MD 
Boutelou gracilis 33.51 41.13 33.51 0.00 0.00               0.00 
Pinus ponderosa 21.48 32.88 21.48 209.45 21.48 32.88 
Symphoricarpus 63.25 94.54 63.25 36.58 36.58 36.58 
  occidentalis 
Berberis repens 0.00 0.00 41.77 241.31 41.77 0.00 
Stipa comata 20.70 32.41 20.70 537.49 20.70              32.41 
Galium borealis 7.49 21.87 17.49 0.00 0.00 0.00 
Pascopyrum 62.79 72.13 62.79 597.08 62.79 72.13 
  smithii 
Carex sp. 0.00 0.00 4.45 289.10 4.45 0.00 
Lactuca sp. 7.98 7.98 21.53 0.00 0.00 0.00 
Trifolium sp. 7.85 28.58 7.85 505.04 7.85 28.58 
Shepherdia  12.58 119.77 12.58 0.00 0.00 0.00 
  argentea 
TOTAL 247.63 451.31 307.39 2416.05 195.62        202.59 
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Table 4.25.  Summer dietary overlap on a gram basis of white-tailed deer (WT), mule deer (MD), 
elk, and cattle in unburned habitat in the southern Black Hills, South Dakota, 2002–2003. 
                           
Plant species  WT MD ELK CATTLE  
Boutelou gracilis 27.04 27.85 417.13 0.00  
Pinus ponderosa 24.05 44.82 251.93 480.85  
Symphoricarpus occidentalis 49.25 100.58 341.02 23.01  
Berberis repens  39.24 0.00 443.09 260.78  
Stipa comata  29.93 27.58 592.95 29795.00  
Galium borealis  7.21 15.97 354.59 0.00  
Pascopyrum smithii 63.07 65.96 721.57 980.58 
Carex sp.  0.00 0.00 154.58 1223.07 
Lactuca sp.  41.03 0.00 178.77 4.72 
Trifolium sp.  26.12 31.27 269.63 536.90 
Shepherdia argentea 14.41 139.37 122.13 0.00 
TOTAL  321.35 453.39 3847.39 33304.91 
% DIET  70.00 68.00 65.00 65.00 
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Table 4.25.  Continued. 
           Dietary overlap of digesta (g)                                        
Plant species WT/MD MD/ELK ELK/WT   COW/ELK     COW/WT     COW/MD 
Boutelou gracili 27.04 27.85 27.04 0.00 0.00 0.00 
Pinus ponderosa 24.05 44.82 24.05 251.93 24.05 44.82 
Symphoricarpus  49.25 100.58 49.25 23.01 23.01 23.01 
  occidentalis 
Berberis repens 0.00 0.00 39.24 260.78 39.24 0.00 
Stipa comata 27.58 27.58 29.93 592.95 29.93 27.58 
Galium borealis 7.21 15.97 7.21 0.00 0.00 0.00 
Pascopyrumi 63.07 65.96 63.07 721.57 63.07 65.96 
  smithii 
Carex sp. 0.00 0.00 0.00 154.58 0.00 0.00 
Lactuca sp. 0.00 0.00 41.03 4.72 4.72 0.00 
Trifolium sp. 26.12 31.27 26.12 269.63 26.12 31.27 
Shepherdia  14.41 122.13 14.41 0.00 0.00 0.00 
  argentea 
TOTAL 238.72 436.16 321.35 2279.17 210.14           192.64 
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Table 4.26.  Potential competition coefficients in winter and summer in burned and unburned 
habitat of the forage (major forbs and shrubs for all Y=WTD or MD; and major forbs, shrubs, and 
grasses for all Y=ELK) released by 1 individual of species X to n individuals of species Y in the 
southern Black Hills, South Dakota, 2003–2003. Symbols: MD=mule deer, WTD=white-tailed 
deer, ELK=elk, and COW=cattle. 
   Winter    Summer  
  Burn  Unburn Burn  Unburn  
X  n  n  n  n  Y 
1 MD = 8.62  7.87  8.85  2.75  WTD 
1 ELK = 20.25  6.78  89.24  1.59  MD 
1 ELK = 37.20    17.93  124.23  4.54  WTD 
1 COW = --  --  83.20  0.83  WTD 
1 COW = --  --  22.20  0.42  MD 
1 COW = --  --  55.08  0.72  ELK 
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 Table 4.27. Diet composition (% cover) and diet quality of non-supplementally fed white-tailed 
deer in the northern (NBH) (Osborn 1994), central (CBH) (Hippensteel 2000), and southern 
(SBH) Black Hills, South Dakota and Wyoming, January–March 1992, 1993, 1995, 1996, 2002, 
and 2003. 
         NBH               CBH           SBH  
Forage Class   ! SE  ! SE  ! SE 
Pinus ponderosa  13.46 1.64  44.02 1.92  17.29 1.94  
Total grass   26.28 2.68  24.47 2.21  33.93 1.67 
Total shrub   16.11 1.48  27.17 1.55  29.44 1.19 
Total forb   2.25 0.29  4.02 0.40  13.49 1.46 
Fecal nitrogen (%)  1.61 0.03  1.77 0.02  1.98 0.06 
Fecal phosphorous (%) 0.34 0.02  0.36 0.03  0.31 0.01 
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CHAPTER 5  
PROJECT SUMMARY  
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SUMMARY 
Mule deer will utilize, and may prefer burned habitat if standing dead timber is 
available for cover (Davis 1977, Roberts and Tiller 1985, Klinger et al.1989).  Hobbs and 
Spowart (1984) concluded that prescribed burning in grassland and mountain shrub 
communities can improve winter nutrition of MD and mountain sheep.  Percent femur 
fat, percent Riney fat, and percent total kidney fat were greater in burned than unburned 
habitat in MD in the SBH.      
Although MD will utilize burned and open habitats (Klenbow 1965), WTD may 
avoid recently burned habitat due to inadequate cover.  Use of burned habitat by WTD 
may be limited to areas on the periphery or within close proximity of unburned habitat 
that provides cover, especially in winter, as adequate winter cover is necessary for WTD 
to reduce energy loss (Klenbow 1965, Ozoga and Gysel 1972, Singer 1979, Keay and 
Peek 1980).  In severe winters, deer in the SBH may be selecting areas of low intensity 
burn or no burn for cover characteristics, regardless of forage quality.  Nutritional 
condition indices for WTD in the SBH did not differ between burned and unburned 
habitat except paired adrenal gland weights, which were greater in unburned than burned 
habitat for lactating WTD.   Heavier adrenal gland weights in lactating WTD in unburned 
habitat may indicate greater population density or lower carrying capacity compared to 
burned habitat (Welch 1962).  Although there was no variation in nutritional condition 
indices in WTD between burned and unburned habitat in the SBH, total body weight, 
eviscerated body weight, percent Riney fat, and percent total kidney fat in WTD 
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increased from 2002 to 2003.  These results may indicate that WTD in the SBH were 
utilizing burned habitat in fall of 2002, capitalizing on improved forage conditions.   
Studies indicate that higher quality diets elevate BUN concentrations in free-
ranging and captive white-tailed deer (Seal et al. 1972, Bahnak 1979, Osborn 1994).  In 
Alaskan moose, blood glucose levels increased with improved intake, which were likely 
associated with greater intake of carbohydrates (Franzmann and LeResche 1978).  In 
addition, higher condition classes in Alaskan moose correlated with greater total protein 
levels (Franzmann and LeResche 1978).  Serum glucose levels in WTD in the SBH were 
greater in burned compared to unburned habitat in both winter 2002 and summer 2003, 
indicating greater intake of carbohydrates and perhaps higher condition in burned 
compared to unburned habitat.   
Manganese levels in MD were greater in burned than unburned habitat.  The 
greater manganese levels in burned habitat may be directly associated with greater 
manganese concentrations in plant biomass, as increases in potassium, phosphorous, zinc, 
copper, iron, and manganese in plant biomass were documented after burning in tall grass 
prairie (Ohr and Bragg 1985).  Merrill et al. (1980) also reported greater manganese 
concentrations in perennial forbs and annual grasses in burned compared to unburned 
areas in a ponderosa pine/montane grassland habitat in Idaho.  In summer, selenium 
levels in MD were greater in unburned than burned habitat.  Fielder (1986) found the 
highest selenium concentration in grasses (i.e. Bluebunch wheatgrass [Agropyron 
spicatum], and needlegrass [Stipa spp.], and conifers (i.e. ponderosa pine and Douglas fir 
[Pseudotsuga menziesii])) along Lake Chelan, Washington.  Higher concentration of 
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selenium in grasses and conifers, compared to forbs and shrubs, was probably a result of 
greater consumption of ponderosa pine and Stipa sp. in unburned compared to burned 
habitat in summer.     
During the first winter post-fire, female WTD in the SBH demonstrated a strong 
avoidance to all burned habitat (Dubreuil 2003).  White-tailed deer selected unburned 
habitat for both foraging and bedding; however, there was weak selection for ponderosa 
pine/grass-forb habitats, which were lightly burned.  Dubreuil (2003) postulated that this 
selection for unburned habitat was related to lack of both available cover and forage in 
severely burned habitat.   Papillae morphology and mucosal tissue enlargement of WTD 
in the southern Black Hills indicated that they were utilizing some portions of the burn, in 
winter as papillae height was greater in burned compared to unburned habitat for 
pregnant WTD.  This increase in papillae structure and SEF occurred within three years 
post-fire.  Results also indicated that WTD were utilizing the burn in summer as was 
previously documented by Irwin (1975).  Surface enlargement factor of non-lactating 
WTD was greater in burned habitat compared to unburned habitat.  Yet, SEF of lactating 
WTD was statistically higher in unburned compared to burned habitat.  Although these 
levels were statistically significant, the variation in SEF across species and reproductive 
groups indicated that they were probably not biologically meaningful.  
Despite the seemingly limited use of burned habitat by WTD, several authors 
(Davis 1977, Keay and Peek 1980, Roberts and Tiller 1985, Klinger et al.1989, Dubreuil 
2003) suggest that MD may prefer newly burned habitat over unburned habitat.  Dubreuil 
(2003) reported that female MD in the SBH were found feeding in areas with lower 
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canopy cover than female WTD.   Differences in papillae structure and SEF of MD in the 
SBH indicate that MD were utilizing the burned habitat within the Jasper Fire; SEF, 
papillae height, and papillae width were greater in burned compared to unburned habitat.  
The mosaic pattern of the Jasper fire, created patches of burned and unburned habitat 
within the 35,000-ha perimeter.  These patches provided areas of unburned habitat for 
thermal and predator protection, and burned edge habitats with greater diversity and 
quality of forage.  This burned mosaic pattern of the Jasper fire was beneficial at the 
mucosal level for both WTD and MD within three years post-fire; although winter use of 
burned habitat may have been limited for WTD.            
Heavier mass of rumen digesta was reported in MD with consumption of low 
quality diets compared to high quality diets (Baker and Hobbs 1987).  Dry weight of 
rumen digesta of WTD, lactating WTD, MD, and non-lactating MD in the southern Black 
Hills was greater in unburned compared to burned habitat.  Heavier rumen digesta dry 
weight in unburned habitat, may indicate a lower quality diet in unburned habitat 
compared to burned habitat.  Jenks et al. (1994, 1996) reported reduced ruminal fill and 
greater intestinal fill in WTD on higher quality diets compared to those occurring 
sympatrically with cattle that consumed a lower quality diet.  My results indicate that 
both rumen digesta dry weight and gastrointestinal digesta dry weight of WTD were 
greater in poorer quality habitat (i.e., unburned habitat) compared to that in the burned 
habitat in the summer in the SBH.  In winter, GI length in burned habitat was greater than 
in unburned habitat for pregnant WTD.  In summer, gastrointestinal length also was 
greater in burned compared to unburned habitat for MD and lactating MD.  Lack of 
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thermal cover in winter in the burn may not have been a limiting factor for MD.  
However, WTD may have been more restricted by the sparse amount of vertical and 
horizontal vegetation remaining in more severely burned habitats.  White-tailed deer 
within the perimeter of the Jasper Fire may have used unburned and lightly burned 
habitat patches because of cover characteristics (Dubreuil 2003), while utilizing the 
burned periphery of these regions for the increased availability of quality forage.  
Consequently, limited use of burned habitats may have been adequate to promote growth 
of papillae but not intestinal tissue.   
 Forb cover in unburned habitat in the SBH was approximately 2% but in all three 
fire types, forb cover had surpassed that in unburned habitat within 2 years post fire.  
Graminoids in burned habitat in the SBH also increased through the first 3-years-post fire 
but had surpassed the cover of grasses in unburned habitat within 2-years-post fire.  In 
unburned habitat in the Black Hills, B. repens was the most abundant shrub in stands with 
high overstory canopy cover.  All shrub species identified in the SBH in unburned habitat 
comprised less the 3% cover; greatest cover was 0.73% for Symphoricarpus sp.  
Symphoricarpus sp., B. repens, and Rosa sp. demonstrated the greatest response to 
burning, with the two former responding the greatest in crown fire areas.   
According to Thill et al. (1987) and Carlson et al. (1993) burning temporarily 
improves quality of deer forage.  Fecal nitrogen levels for MD also were greater in 
burned than unburned habitat.  As vegetation cover increased, WTD may have utilized 
more burned than unburned habitat in 2003 than in the previous year, increasing access to 
more desirable forage.  In addition, B. repens consumption by WTD was greater in 
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unburned than burned habitat, which may be related to reduced snow depths in high 
density pine areas.  Greater total shrub consumption by MD in unburned than burned 
habitat was probably related to greater C. montanus densities in unburned habitat, which 
is selected by MD in the SBH (Dubreuil 2003).  Prunus sp. and B. gracilis were 
consumed more in winter than summer, and greatest consumption occurred in burned 
versus unburned habitat.  Prunus sp. was probably more accessible during greater snow 
depths and also was more prevalent in burned than unburned habitat as some species such 
as P. virginiana recover rapidly post-fire (Larson and Johnson 1999).  In winter of 2002, 
elk consumed more grass in burned than unburned habitat.  In New Mexico, Rowland et 
al. (1983) also reported greater consumption of grass by elk in burned compared to 
unburned habitat in winter; although 80% of the diet was comprised of reseeded grasses.   
In the ponderosa pine community, reducing canopy cover by either selective 
harvesting or burning results in an increase in vegetation biomass, diversity, and quality 
(Pase 1958, Gartner and Thompson 1972, Weaver 1974, Bock and Bock 1984, Thompson 
1991).  Based on Daubenmire (1959) cover classes, vegetation cover increased following 
the fire and by 2003, cover of vegetation in burned habitat had exceeded the cover in 
unburned habitat.  In addition, forage removal calculations indicated that shrub and forb 
characteristics in the burn could potentially provide forage for more individuals than 
could be sustained in unburned habitat.  Therefore, vegetative response following fire in 
the SBH likely limited forage competition of native ungulates.   
In the SBH, dietary overlap of WTD and elk in winter was greater in unburned 
than burned habitat, although on a per gram basis dietary overlap was greater in burned 
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than unburned habitat.  In summer, dietary overlap of elk and WTD were similar in 
burned and unburned habitat although on a per gram basis dietary overlap was greater in 
unburned than burned habitat.  Based on my calculations, the amount of forage released 
to WTD by the removal of 1 elk was 2 times greater in burned than unburned habitat in 
winter and 27 times greater in burned than unburned habitat in summer.  Therefore, 
within 3-years-post fire, benefits of burning to WTD were limited in winter but in 
summer WTD were able to utilize burned habitat. Competition between elk and WTD 
throughout all seasons were heightened in unburned habitat likely due to poor quality 
habitat (Griffin et al. 1992, Griffin 1994, DePerno 1998, DePerno et al. 2002).  
Therefore, competition is likely active between elk and WTD in unburned habitat in the 
SBH. 
The effects of the fire did not reduce competition between MD and cattle as 
dietary overlap was similar in burned and unburned habitat.  On the other hand, overlap 
on a gram basis was greater in burned than unburned habitat where cattle competed 
greatest with MD for forage.  Cattle could be negatively affecting WTD in unburned 
habitat.  Dietary overlap and percent of diet on a per gram basis of cattle and WTD was 
greater in unburned than burned habitat in summer.  In addition, the amount of forage 
released to WTD by the removal of 1 cow was 83 times greater in burned compared to 
unburned habitat.  Removal of shrubs by cattle in fall, could potentially remove 
vegetation important for winter survival of WTD. 
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Appendix 1.  Winter diet composition of all plant species consumed by white-tailed deer 
(WTD), mule deer (MD), and elk in burned habitat the southern Black Hills, South 
Dakota, 2002-2003.   
WTD                   MD                         Elk   
Plant Species  !   !    !   
Artemisia cana  0.20   0.30   0.24    
A. frigida  1.51   0.90   1.27 
Galium boreale  4.50   2.44   0.99 
Unknown forb  4.68   5.68   3.62 
Total forb  10.88   11.83   6.12 
Agropyron cristatum 0.81   0.23   4.51 
Agrostis stolonifera 0.44   1.03   0.98 
Andropogon gerardii 0.06   0   0 
Bouteloua curtipendula 0.06   0   0 
B. gracilis  9.24   10.02   13.70 
Bromus inermis  4.31   4.68   1.67  
Carex sp.  2.06   0.15   10.59  
Oryzopsis hymenoides 2.83   4.42   1.65 
O. micrantha  0.49   0.34   0.06    
Pascopyrum smithii 0.36   0.01   8.27    
Stipa comata  6.24   3.57   8.18 
Stipa viridula  0   0   0.03 
 
 
Unknown grass  7.97   13.44   16.00 
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Appendix 1. Continued.   
         WTD                   MD                       Elk   
Plant Species  !   !    !   
Total grass  34.88   37.89   65.63 
Pinus ponderosa 17.60   13.17   7.77 
Populus tremuloides 4.65   1.50   0.44 
Amelanchier sp. 0.51   1.12   0.71 
Arctostaphylos uva-ursi 0.43   0.81   0.14 
Berberis repens  3.46   5.56   6.90 
Cercocarpus montanus  1.33   3.21   0.07 
Juniperus communis 0.81   2.20   0.83 
Prunus sp.  9.61   3.74   1.06 
Ribes sp.  0   0.05   0 
Rosa sp.  4.11   3.78   2.95 
Rosa woodsii  2.13   3.60   1.92 
S. canadensis  0   0.04   0 
Shepherdia sp.  0.23   0.31   0.17 
Symphoricarpus 5.50   7.54   2.31 
occidentalis 
Unknown shrub 1.59   1.88   1.45 
Total shrub  29.71   33.84   18.53  
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Appendix 2.  Winter diet composition of all plant species consumed by white-tailed deer 
(WTD), mule deer (MD), and elk in unburned habitat the southern Black Hills, South 
Dakota, 2002-2003.   
           WTD                   MD                       Elk   
Plant Species  !   !    !    
Artemisia cana  0.60   0.30   0.06    
A. frigida  1.70   0.90   1.28 
Arnica lonchophylla 0   0   0 
Galium boreale  5.24   2.44   2.45 
Lactuca sp.  0.94   0   1.05 
Melilotus officinalis 0   0   0.33 
Monarda fistulosa 0.64   0   0.67 
Psoralea sp.  0.44   0   0.78 
Sphaeralcea coccinea 0.65   0   0.32 
Trifolium sp.  1.05   0   0.99 
Unknown forb  4.45   5.45   3.05 
Total forb  15.72   9.09   10.99 
Agropyron cristatum 1.54   0.35   3.61 
Agrostis stolonifera 1.00   0.05   0.49 
Andropogon gerardii 0.13   0   0 
Bouteloua curtipendula 0.19   0   0 
B. gracilis  7.08   8.24   9.06 
Bromus inermis  3.24   3.17   2.32  
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Appendix 2.  Continued.   
WTD                   MD                       Elk   
Plant Species  !   !    !   
Carex sp.  0.60   0.57   8.05  
Elymus trachycaulus 0.17   0   0 
Elymus sp.  0   0.46   0 
Oryzopsis hymenoides 3.26   2.56   2.33 
O. micrantha  0.39   0.68   0   
Pascopyrum smithii 2.05   0.11   9.40    
Poa sp.   0.53   0.39   0   
Schizachyrium scoparium 0.30   0   0    
Stipa comata  5.28   3.99   8.49 
Stipa viridula  0.16   0   0.54 
Unknown grass  7.20   11.51   12.37 
Total grass  33.12   32.08   56.67 
Pinus ponderosa 17.02   7.37   9.01 
Populus tremuloides 2.82   1.42   1.12 
Amelanchier sp. 1.57   11.60   0.04 
Arctostaphylos uva-ursi 1.56   1.14   0 
Berberis repens  8.31   4.27   9.93 
Cercocarpus montanus  1.11   8.55   0.38 
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Appendix 2.  Continued 
         WTD                   MD                       Elk   
Plant Species  !   !    !    
Juniperus communis 1.15   2.31   0.63 
Prunus sp.  3.91   5.91   1.49 
P. virginiana  0   1.67   0 
Ribes sp.  0   0.03   0 
Rosa sp.  2.54   3.33   0.92 
Rosa woodsii  1.26   1.96   0.68 
Rubus sp.  0.07   0   0 
Shepherdia argentea 0.65   0   0.33 
S. canadensis  0.20   0.05   0 
Shepherdia sp.  0.53   0   0.71 
Symphoricarpus 4.67   6.05   3.90 
occidentalis 
Unknown shrub 1.68   1.79   1.08 
Total shrub  29.20   48.65   20.08 
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Appendix 3.  Summer diet composition of all plant species consumed by white-tailed 
deer (WTD), mule deer (MD), elk, and cattle in burned habitat the southern Black Hills, 
South Dakota, 2002-2003.   
   WTD   MD  Elk  Cattle 
Plant Species  !   !   !   !   
Aster sp.   0  0  0  1.94   
Galium boreale  3.81  3.26  4.80  0 
Lactuca sp.  4.69  1.19  5.89  0 
Melilotus officinalis 0  5.20  0  0 
Monarda fistula  3.02  0.72  2.56  0 
Psoralea sp.  0.90  0  2.81  0 
Sphaeralcea coccinea 3.18  0  2.30  0 
Trifolium sp.  1.71  4.26  8.56  9.22 
Unknown forb  5.31  3.56  4.22  2.77 
Total forb  22.62  18.19  31.13  13.93 
Bouteloua gracilis 7.30  6.13  6.80  0 
Bromus inermis  2.61  0  1.73  0 
Carex sp.  0.97  0  4.90  21.04 
Muhlenbergia sp.  0  0  0  6.65 
Oryzopsis hymenoides 0.80  0  0.48  0 
Pascopyrum smithii 13.68  10.75  10.12  16.75   
Poa sp.   0  7.64  0  6.52 
Schizachyrium scoparium 0  1.82  0  0 
Stipa comata  4.51  4.83  9.11  5.05 
 
 
Stipa viridula  0.43  0  0.94  0 
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Appendix 3. Continued 
   WTD   MD  Elk  Cattle 
Plant Species  !   !   !   !    
Unknown grass  4.06  3.36  4.08  3.98 
Total grass  34.35  34.52  38.17  68.12 
Pinus ponderosa  4.68  4.90  3.55  8.10 
Arctostaphylos uva-ursi 3.10  0  3.73  0 
Berberis repens  9.10  0  7.35  4.09 
Cercocarpus montanus 0  5.82  0  0 
Prunus sp.  6.23  0  5.20  0 
Ribes sp.  0  0  0  0.96 
Rosa sp.   0  2.03  0  0 
Shepherdia argentea 2.74  17.85  2.21  0 
Symphoricarpus  13.78  14.06  5.80  0.62 
occidentalis 
Unknown shrub  0.83  0.14  0.43  2.40 
Total shrub  35.78  39.89  24.73  8.08 
 
 
 
   265
 
Appendix 4.  Summer diet composition of all plant species consumed by white-tailed 
deer (WTD), mule deer (MD), elk, and cattle in unburned habitat the southern Black 
Hills, South Dakota, 2002-2003.   
   WTD   MD   Elk  Cattle 
Plant Species  !   !  !   !   
Aster sp.   0  0  0  1.87  
Galium boreale  1.57  2.38  6.01  0 
Lactuca sp.  8.94  0  3.03  0.08 
Melilotus officinalis 0  4.55  2.96  0 
Monarda fistula  3.82  1.72  1.46  0 
Psoralea sp.  2.94  0  1.90  0 
Sphaeralcea coccinea 1.62  0  0.47  0 
Trifolium sp.  5.69  4.66  4.57  9.10 
Unknown forb  3.88  2.96  5.08  2.86 
Total forb  28.47  16.27  25.48  13.91 
Bouteloua gracilis 5.89  4.15  7.07  0 
Bromus inermis  0  0  0.92  8.39 
Carex sp.  0  0  2.62  20.73 
Muhlenbergia sp.  0  0  0  6.56 
Oryzopsis hymenoides 0.82  0  0.45  0 
Pascopyrum smithii 13.74  9.83  12.23  16.62 
Poa sp.   0  7.53  0  5.99 
Schizachyrium scoparium 0  0  0  0 
Stipa comata  6.52  4.11  10.05  5.30 
 
 
Stipa viridula  0.94  0  2.27  0 
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Appendix 4. Continued 
WTD   MD  Elk  Cattle 
Plant Species  !   !   !   !      
Unknown grass  2.88  3.73  3.45  4.07 
Total grass  30.78  29.34  39.06  67.66 
Pinus ponderosa  5.24  6.68  4.27  8.15 
Arctostaphylos uva-ursi 4.28  0  5.37  0 
Berberis repens  8.55  0  7.51  4.42 
Cercocarpus montanus 0  8.33  0  0 
Prunus sp.  5.77  0  4.62  0 
Ribes sp.  0  0  0  1.09 
Rosa sp.   0  0  2.61  0 
Shepherdia argentea 3.14  20.77  2.07  0 
Symphoricarpus  10.73  14.99  5.78  0.39 
occidentalis 
Unknown shrub  1.13  1.82  0.46  2.56 
Total shrub  33.59  45.91  28.41  8.46 
 
 
 
 
